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Water-soluble reagents and conjugates which are particularly well suited for use, for example, in biologically relevant de-
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antibody immobilisation, separation or purification, DNA hybridization tests and flow cytometry, are based on a polymeric carmi-
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lecular species having a functional group, e.g. a hydroxy group or a thiol group, which is reactive towards the free vinyl group.
Such a reaction results in the covalent attachment (conjugation) of the molecular species to the polymeric carrier molecule via a

linking group derived from divinyi sulfone, the resulting conjugate being an example of a conjugate of the invention. Preferred

water-soluble carrier molecules are polysaccharides, particularly dextrans. The molecular species, of which more than one type
may be attached to a carrier molecule, may, for example, be selected from antigens, antibodies, haptens, gene probes, hormones,
enzymes, drugs, dyes, flucrophores and radioactively labelled substances. Methods are provided for the preparation of reagents
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WATER-SOLUBLE, POLYMER-BASED REAGENTS AND CONJUGATES COMPRISING
MOIETIES DERIVED FROM DIVINYL SULFONE

The present invention relates to water-soluble reagents and conjuga-
tes which are particularly well suited for use, for example, in bio-
logically relevant detectionm, quantification and targetting proce-
dures, e.g. in the fields of immunohistochemistry, detection of
immmoreactive species, antibody immobilisation, separation or puri-
fication, DNA hybridization tests and flow cytometry, as well as
other applications which will become apparent on the basis of the
disclosure in the present specification.

The reagents and conjugates of the invention are based on water-
soluble, polymeric carrier molecules having moderate to h:l.gh molecu-
lar weight and to which are covalently coupled reactive divinyl-
sulfone-derived moieties [i.e. moleties having a free (“dangling®),
terninal, reactive vinyl group] or bridging divinyl-sulfone-derived

moieties.

The polymeric carrier molecules of particularly preferred reagents or
conjugates according to the invention are initially non-cross-linked
and are of essentially zero charge at pH values which are of relevan-
ce within the fields of application of the :luvent:ioﬁ. Cross-linking
does, however, generally occur in the course of reaction of the
polymers with divinyl sulfone in a preparation process according to
the invention. In the case of the presently most preferred polymeric
carrier molecules, viz. dextrans, the present imventors have found
that it is possible to vary the degree of cross-linking in a reprodu-
cible marmer and within rather wide limits, e.g. by regulating reac-
tion time, the dextran concentration or the pH in the medium (or a
combination of these) during the preparation process.

The preparation of the reagents and conjugates of the invention takes
Place under gen rally mild conditions and using generally straight-
f rvard procedures vhich, as indicated above, comstitut aspects of
the present i&ention. Under appr priate storage c nditi ns, many £

the reagents and conjugates according to the invention, and notably
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the ci:éﬁically r active reagents and conjugates according t the
invention (i.e. reagents and conjugates which react readily with
certain types of functional groups present in molecular species so as
to form covalent bonds anchoring the molecular species in question to
the polymeric carrier reagehts) display remarkable and unexpected
stability ("shelf-l1ife") during prolonged storage in solution, ren-
dering the commercialisation of pre-prepared reagents and conjugates

of these types perfectly feasible.

BACKGROUND OF THE INVENTION

'The last two decades have seen vast progress in the fields of im-

mmochenistry and molecular biology, and this is clearly reflected in
the volume of relevant .scientific and patent literature appearing
during this period. Among areas for which the present invention is of
relevance, an area of particular growth has, for example, been that
of qualitative and/or quantitative assays involving the use of im-
mmoreactive species, i.e. antigens, haptens or antibodies.

One such area is that of immunohistochemical/cytochemical detection
procedures, the purpose of which is normally the localization of
antigenic determinants present in tissues or in/on cells via immumno-
chemical reaction of these antigenic determinants with specific so-
called primary antibodies which react only with the target antigenic
determinants. The primary antibodies are either labelled with appro-
priate labels (e.g. enzymes, fluorescent groups or heavy atoms), or
they are themselves further detected via an immunochemical reaction
with specific so-called secondary antibodies which react with the
primary antibodies; in the latter case it is the secondary antibodies
vhich are labelled with appropriate labels (e.g. enzymes, fluorescent
groups or heavy atoms). Alternatively, the immunochemical reaction
between target antigenic determinants and primary antibodies is de-
tected via an immunochemical reaction with a specific so-called link
antibody which has the property of reacting simultanecusly with (i)
the primary antibodies and (ii) an antibody to which enzymes have

b en attached via an immunochemical reaction r via covalent coup-

ling.
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As a further alternative, the immunochemical reaction between target
antigenic det rminants and primary antib dies, r between primary
antibodies and secondary antibodi 5, is detected by expl iting the
binding which occurs between certain pairs of complementary molecules

.other than antigens and antibodies; an example of such a complemen-

tary pair is biotin and streptavidin. In this approach, one member
of the complementary pair is attached to the primary or secondary
antibodies and the other molecule is combined with suitable labels
(e.g. enzymes, fluorescent groups or heavy atoms).

In procedures of this type, a specimen in the form of a sample of
thinly cut tissue or a sample of cells (typically from a body fluid)
is affixed to a glass slide. The applied specimen is then normally
treated with various chemicals to facilitate the subsequent wo-
chemical reactions. The specimen 1s then subjected to treatment with
a labelled or non-labelled primary antibody, as appropriate, vhereup-
on the antibody becomes immnochénically bound to the antigen in
question in/on the specimen. After removal of excess antibody by
suitable washing of the specimen, the antibody boﬁnd to the antigenic
determinant is detected by treatment with appropriate reagents,
depending on the choice of the visualization system (as described
previously, above) in conjunction with suitable washing procedures.
After removal (by washing) of the excess labelled reagent from the
chosen visualization system, the specimen is subjected to a treatment
as follows, depending on the label in question:

(i;) in the case of enzyme labels, the specimen is treated with a
substrate (colour developing reagent). The enzyme reacts with the
substrate, leading to the formation of a coloured insoluble deposit
at and around the location of the enzyme;

(i1) in the case of a heavy metal label such as gold, the specimen
can be treated with a so-called enhancement reagent containing sil-
ver. Silver metal is then precipitated as a black deposit at and
around the location of the gold.

(i11) in the case £ fluorescent labels a devel ping reagent is

n rmally not needed. -
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After a washing st p, s me of the constituents of the specimen can
then be coloured by a chemical dye which gives a suitable contrast to
the colour given by the label in question. After a final washing
step, the specimen is coated with a transparent reagent to ensure a
permanent record for the examination.

The visualization of the labels (indirectly expressing the localiza-
tion and amount of target antigenic determinants) is performed as
follows:

(i) light microscopic examination (in the case of enzyme labels);

(i1) light or electron rmicroscopic examination (in the case of heavy
metal labels);

(1i1) fluorescence microscopic examination, using irradiated light of
a suitable wavelength (in the case of fluorescent labels).

The period in question has also seen, for example, the emergence and
development of assays of the so-called ELISA (Enzyme-Linked Immuno-
Sorbent Assay) type, in which an antigen, hapten or antibody is
detected by means of an enzyme which is covalently coupled (also
denoted linked or conjugated) either (when an antigen or hapten is to
be determined) to an antibody which is specific for the antigen or
bapten in question, or (when an antibody is to be determined) to an
antibody which is specific for the antibody in question. In “tradi-
tional® ELISA, the antigen, hapten (the latter generally in the form
of a conjugate with, e.g., a protein) or antibody to be detected/-
determined is normally bound or immobilized by allowing it to bind
immunochemically to (i) a so-called “"catching® antibody in the case
of antigen or hapten determination or (ii) an antigen in the case of
antibody determination, each of which is attached (generally by non-
covalent adsorption) to the surface of an appropriate material, such
as polystyrene in the form of beads r microtiter trays, and the
appropriate enzyme-linked specific antib dy is th n allowed t bind
to the immobiliz d species which is to be detected/determined; the
amount of bound specific antibody, and thus the amount f immobilized
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spe ies, is then determined by adding a substance which is a sub-
strate f r the linked enzyme and which, upon enzymatic decomp sition,
results in the development of a characteristic colour, the intensity
of vhich (measured, for example, by spectrophotometry or simple
colorimetry/comparimetry) is thus related (normally proportional) to
the quantity of the species of interest vhich 15 to be determined.
Examples of preferred enzymes for use in assays of this type (as well
as in immunohistochemical procedures) are peroxidases, e.g. horse-
radish peroxidase, alkaline phosphatase, glucose oxidases, galac-
tosidases and ureases.

Imrunochemical assays of a type analogous to ELISA but employing
other means of detection, e.g. the use of specific antibodies to
which fluorescent or luminescent marker molecules are covalently
linked, have also undergone considerable development in the same
period, and the emergence of so-called "time-resolved fluorescence"
is a good example: In this technique the marker or label is generally
either Eu3¥ or a europium chelator (although certain other lanthanide
species or lanthanide chelators have also been exployed), and a
fluorescent europium chelate can then be formed by adding an organic
chelator or Eu3+ , 1_'eapect1ve1y. In contrast to most of the more
traditional fluorescent marker species, e.g. fluorescein, which
generally have fluorescence lifetimes of about 100 nanoseconds (nsec)
or less, the fluorescence lifetime of lanthanide ‘chelates is general-
ly in the range of 100-1000 microseconds (usec); by making use of a
pulsed light source and a time-gated fluorometer, the fluorescence of
these compounds can be measured in a time-window of about 200-600
psec after each excitation. A main advantage of this technique is the
reduction of background signals which may arise from short-1lived
fluorescence of other substances present, for example, in the ana-
lysis sample,. in or on the material of microtiter vells, in cuvettes
or the like, or elsewhere in the measurement system,

- A further group of procedures which employ immunochemical detection

techniques, and which should be mentioned in the context of the
invention, are "immmobl tting" procedur s, xamples of which are the
S -called “"dot bl t" and "western blot" procedures: In the western
bl t procedure, which is exployed for the analysis and identification
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of antigenic polypeptides r proteins, the Pr teins/polypeptides in a
mixture thereof are separated by polyacrylamide gel electrophor sis
and then transferred electrophoretically ("blotted”) to a sheet of
nitrocellulose or chemically treated paper to which the proteins/-
polypeptides bind in a pattern identical to that in the gel. The
appropriate specific antibody is then added, followed by a labelled
second antibody against the first antibody or labelled protein-A
(labelled with, for example, a radioisotope, fluorescent dye ,' enzyme
or colloidal gold). The location of the label (and thus the presence

‘of the particular antigen) is then detected in the appropriate manner

outlined previously.

As far as developments in the general field of molecular biology are
concerned, one non-immunochemical area of significance has been that
of hybridization techniques in comnection with gene structure analy-
sis: In "traditional® hybridization techniques, a particular nucleo-
tide sequence (also known as a "probe" or "gene probe®) is labelled
with an appropriate marker or label, e.g. a radiocactive isotope, and °
is then added to a sample of a nucleic acid of interest, e.g. a'
sample in the form of part of intact cells or in the form of isolated
DNA or RNA fragments. The sample can either be free in solution or
immobilized on a solid-phase substrate. If the probe and the nucleic
acid sample hybridize by fomat;lon of a strong, non-covalent bond

. between them, it can reasonably be assumed that a nucleotide sequence

essentially identical to that of the probe is present in the nucleic
acid. The marker or label on the probe thus provides a means of
establishing whether hybridization has occurred, and for determining
the amount of DNA/RNA sample present.

The so-called "Southern blot" method for the detection of rare DNA
fragments in a complex mixture of DNA is an example of a procedure
employing the technique of hybridization: Gel electrophoresis is used
to separate the various fragments, which are then denatured and
transferred by blotting to nitrocellulose sheet. The fragments are
then hybridized to an appropriate radi actively labelled probe, and
their p si.ti‘ n is revealed by autoradi graphy. Analog us procedures
have been devised f r RNA and, as already menti ned ("western bl t",
vide supré), for protein or peptide antigens.
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Hybridizati n techniques have been of great importance in biochemical
g netics for an understanding of the relationship between nucleotide
sequences and their function, and they provide an important diagnos-
tic tool for the detection, for example, of genetic defects, or of
infectious agents such as viruses or bacteria..

Owing primarily to the health hazards posed by the use of radioiso-
topes in hybridization procedures of the above types, attempts have
been made to replace them with more immocuous (and, generally, more
readily available) markers or labels. However, attempts made until
now, for example using biotinylated probes to be detected by means
of, e.g., enzyme-labelled reagents, have resulted in attendant loss
of sensitivity relative to that obtainable using radioactively label-
led probes.

The above-mentioned problem of poor detection sensitivity when using,

in particular, non-radioactive labels,.applies not only to hybridiza-
tion techniques, but also to immmochemical detection or assay: proce-

dures or when immunochemical detection is used to amplify & hybridiz-

ation reaction. In other words, the lower detection .limit may prove
to be inadequate for the umambiguous detection or accurate quantita-
tive determination of low levels of, e.g., antigens or antibodies or
nucleic acids. This may, for example, be due to the intensity of
colour or fluorescence in an immynochemical or hybridization proce-
dure of one of the above-mentioned types being too low, chiefly as a
consequence of the fact that normally only ome or, at best, a very
fev (generally less than five) molecules of enzyme or marker species
can be linked, e.g., to each specific antibody molecule or to each
molecule of the nucleotide sequence of the probe. Furthermore, for
each marker species which is attached (conjugated) to, e.g., an
antibody molecule, and particularly if the marker species impart a
net positive or negative charge to the antibody/marker conjugate,
there is an increasing risk of a deleterious influence on the natural
ability of, for example, th antibody to participate in the correct
immmochemical binding r action of interest; furthernpre-, th presen-

¢ of a net positive or negative charge on such a conjugat incr ases

&t
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th risk of undesirable non-specific binding of the conjugate to
other materials or species in the system.

In the immunochemical field in particular, considerable effort has
been devoted to devising ways to enhance the sensitivity of immuno-
chemical assay procedures, and one approach which has achieved a good
measure of success involves the attachment of an immunochemically
reactive species, e.g. an antibody, and a plurality of enzyme molecu-

. les, fluorescent marker molecules or the like to one and the same

backbone or carrier, e.g. polymeric carrier. There are mumerous
patent documents relating to this kind of approach, and making use of
either soluble or insoluble carriers. Gemerally 'speaking. in applica-
tions of the type outlined above, the use of soluble carriers is to
be preferred, since the presence of the carrier (with the coupled
immunochemically reactive species and enzymes/marker molecules or the
like) in homogeneous solution rather than as a heterogeneous phase,
together with the relatively great conformational flexibility of such
species in the solution phase, vastly enhances the rate and, in

‘general, the extent of immunochemical reactivity with the immmo-

chemical counterpart species which is to be detected or determined;
in immmohistochemical applications the use of soluble carriers is
virtually essential, since good tissue contact or penetration is
necessary in order to ensure optimal access to the immunochemically
reactive moieties or epitopes located on or within the tissue. More-
over, it is generally much easier to remove (e.g. by washing or
flushing) carrier-borne immunochemically reactive species, e.g.
carrier-borne antibodies, which have not (e.g. owing to "saturation”
of available binding sites) become bound to immunochemical counter-
parts, e.g. to antigens attached, for example, to the surface of an
microtiter tray, immunoplate or the like, when the carrier-borme
species in question are soluble than when they are insoluble or

cglloidal .

The present invention represents a significant advance with respect,
inter alia, to the enhancement of flexibility, s nsitivity and r lia-
bility £ all of the various types of detection and assay pr cedures
outlined by way of exampl above. The invention can als be expl it-
ed, for example, to reduce - without 1 ss of sensitivity - the mumber
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of successive "layers” f immunoreactive comp nents (antigen, anti-
b dy, anti-antibody tc) which would th rwise be r quired in the
performance of, e.g., a traditi nal ELISA or histochemical proéedure.
Other advantages associated with the invention will become apparent
from the present specification and the working examples given herein.

Since the present invention relates, as already indicated, to water-
soluble reagents and conjugates, and to their. preparatioh and use,
the following outline of a number of pertinent patent documents is
confined to disclosures in which soluble carriers are employed:

European patent 0 077 671 relates inter alia to a water-soluble, non-
cross-linked and non-primary-amine-containing polymer to which is
conjugated a marker substance. The polymer/marker substance conjugate
has a negative or zero charge, and to the polymer part of each mole-
cule thereof there is attached "only one. immunological homologue”
(antigen or antibody). The original European patent application (EP
0 077 671 AL) does not restrict itself to *only ome® immunological
homologue molecule, but neither is there any specific mention of more
than one immunological homologue. The preferred water-soluble poly-
mers in the latter patent/patent application are pol’yacrylic' acid,
polymethacrylic acid, polyacrylamide, polyvinyl alcohol, polyallyl
alcohol, polymer combinations of the foregoing, hydroxyed:yl-éel-
lulose, hydroxypropyl-cellulose, natural water-soluble polymers and
synthetic water-soluble polymers. The molecules of marker substance
may be incorporated ab initio in the polymer by co-polymerizing a
relatively small percentage of a suitable monomer 1ncorporatin§ the’
marker substance (e.g., in the case of a fluorescent marker substan-
ce, a nonomer produced by the reaction of fluoresceinamine with
acryloyl chloride in equimolar amounts) with the monomers which form
the basis of the polymer backbone (e.g. acrylic acid and acrylamide),
Other mentioned methods for attachment of marker substances to the
polymer include making use of an activated group on the marker sub-
stance, and employing an “"external activating agent". As r gards th
attachment of the immunological hom 1 gue to the polymer backb ne,
the following examples are given: '

!

e
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(1) an"acrylic acid/acrylamid copolymer incorporating ca. 1 % of a
cop lymerized mon mer produced by reacti n of fluoresceinamine with
acryloyl chloride is activated by reaction with carbonyl diimidazole
and N-hydroxysuccinimide, and the r.esulting activated polymer/marker
substance conjugate is then reacted with a monoclonal antibody;

(i1) a monoclonal antibody which has been biotinylated by reaction
with biotinyl-N-hydroxysuccinimide is added to a conjugate formed by
reaction of avidin with the activated polymer/marker substance con-
Jjugate prepared as outlined in (i), above; attachment of the monoclo-
nal antibody to the polymer backbone in this case is via the strong,
but non-covalent, binding interaction between the biotin groups
covalently bound to the antibody, and avidin moieties covalently
conjugated to the polymer/marker substance.

There appears to be no disclosure in this patent relating to the use
of dextrans as the polymer carrier, or of divinyl sulfone, or a
molety derived therefrom, as an activating reagent or coupling/bridg-
ing moiety via which a marker substance or an immunological homélogue
may be attached to the polymer.

US 4,152,411 relates to a labelled "spine tool” for determination of
a component of the antigen/antibody reaction, preferably making use
of polymers with amide bonds between the individual units of the
polymer, for example polylysine, other homopoly(amino acids) or
polypeptides; on average, only one molecule (hapten, antigen or anti-
body) to be "labelled" is attached to the polymer "spine tool®. The
specification mentions tolylene-2,4-diisocyanate, glutaraldehyde and
carbodiimide as candidates for activation reagents by which the mole-
cule to be “labelled” may be coupled to the polymer carrier, and two
specific examples illustrate the use of 1-ethyl-3-(3-dimethyl-amino-
propyl) -carbodiimide for the coupling of a hapten, viz. t:hyroxipe.
Whilst a nmumber of possible labelling or marker species are mention-
ed, including mumerous fluorescent substances (such as fluorescein)
and enzymes (such as peroxidases), details £ the mamner in which
these are to be attach d to the p lymer carrier are given only in the
case of ne specific enzyme, namely hors radish peroxidase (HRP),
which in th example in question is coupled to p lylysine/thyr xine



WO 93/01498 . n PCT/DK92/00206

conjugate via the initial oxidati n of the diel moiety £ HRP using
sodium perq. date; the resulting diketone moiety £ the xidized HRP
is then .all~ wed to react with the latter conjugate (via an amino
function of the polylysine part) to form a Schiff base intermediate,

5 which in turn is then reduced, e.g. using sodium borohydride, to give
the HRP-labelled polylysine/thyroxine conjugate. This particular type
of labelled conjugate (“diagnostic marker spine tool") is stated as
being "...amazingly stable upon storage for extended periods. It is
considered feasible to store such a tool for up to three or six

10 months or more in imert atmosphere, e.g. under nitrogen, and in the
absence of moisture."®

The possibility of using polysaccharides, including dextran, as the
basis for the "spine tool® is briefly mentioned in the specification,
but there is no indication of the detailed mammer in vhich attachment
1.’; of the molecules of interest to dextran should take place. Neither is .-
there any indication of any advantages associated with the use of .
dextran for this purpose. L

EP 0 010 405 Al relates, inter alia, to an immmochemical assay
reagent comprising a carboxyl-containing, vater-soluble, mono-olefi-

20 nic polymeric compound combined (i.e. coupled) with a hapten or a Lo
chemically modified product thereof, and to a method for the immuno- -
chemical determination of a hapten using such a reagent. There ap-
pears to be no mention of the use of polymers related to dextran in
the context of this patent application.

25 Chemical strategies which are mentioned in connection with the cou-
pling of a hapten to the polymeric compound are: the use of carbodi-
imides (e.g. dicyclohexylcarbodiimide), carbonyldiimidazole or diphe-
nylphosphoryl azide (DPPA); and the intermediate formation of mixed
acid anhydrides (formed, e.g., using a chloroformic acid ester such

30 as isobutyl chloroformate), active esters (formed, e.g., using N-hy-
droxysuccinimide), azides (formed using hydrazine followed by nitrous
acid) or acid chlorides (formed, e.g., using thionyl chloride or
phosphorus oxychl ride).
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The immunochemical assay reagents in question sh w “"very high stabi-
lity in the form £ an aqueous solution...... and can fully withstand

.storage at room temperature".

There appears to be no mention of the possibility of coupling an
immmologically active species (antigen, antibody) other than a
hapten to the polymeric material in question.

us 4,166,105 and 4,169,137 (to Hirschfeld and to Hirschfeld er al.,
vespectively) relate to antigen-detecting reagents and dye-tagged

reagents, respectively, comprising a primary amine-containing poly-
functional polymer backbone, e.g. a polyethyleneimine backbone, and

~attached marker molecules (such as a plurality of fluorescent dye

molecules); the reagents according to the former patent further
comprise an antibody specific for the antigen to be detected, whilst
the reagents according to the latter patent further comprise a "first
reactant”, particularly an antibody. Working examples given in both
patents demonstrate an average of at most one antibody molecule
attached to the polymer backbone. The use of a dialdehyde, in par-
ticular glutaraldehyde, as coupling reagent for coupling marker
molecules and antibody/first reactant to the polymer backbone is
preferred, there being no mention of the possibility of using divinyl

sulfone-based coupling.

EP 0 135 071 A2 relates, inter alia, to chemiluminescent-labelled
hapten conjugates comprising a chemiluminescent group (e.g. a group
derived from luminol or a derivative thereof), a chain polymeric
*attachment group” (in German: Verkmipfungsgruppe) and a hapten; the
attachment group has repeating functional groups, and for each mole
of attachment group there are several moles of luminescent group and
several moles of hapten, preferably at least 10 moles of each per

mole of attachment group.

Examples of chain polymers which are briefly mentioned in the speci-
fication include peptides, pr teims, glycopr t ins, glycolipids and
carb hydrates, including p lysaccharides such as dextrans, and
divinyl sulf ne is briefly mentioned among xamples £ coupling
reag nts for c upling of chemiluminescent groups r haptens to re-
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p ating functional, reactive groups (such as amino, carboxy, carb -
nyl, "thionyl"™ or hydroxy gr ups) on the p lymer. However, the only
working examples provided relate to the Preparati n and use, in a
chemiluminescence assay, of luminol/hapten/protein conjugates based
5 on the proteins (polymers) transferrin and porcine thyreoglobulin,
and employing a carbodiimide and succinic anhydride,' respectively, as
coupling reagents for coupling of the haptens to the proteins.

There is no further disclosure nor any working example in this docu-
ment relating to the use of, or any advantages associated with the

10 use of, the coupling chemistry preferred in the context of the pre-
sent invention, viz. coupling based on moieties derived from divinyl
sulfone; neither does there appear to be .any clear indication of the
stability or shelf-life of the disclosed conjugates, either in the
solid state or in solution.

15 1In relation to the conjugates disclosed in the documents reviewed
above, the reagents/conjugates according to the present invention
distinguish themselves, for example, as described in the following:

Firstly, as is well documented by the working examples given herein -
(vide infra), water-soluble reagents and conjugates of the present -

20 invention have been found to possess unexpectedly and extraordinarily
high stability/shelf 1life in aqueous solution at moderate (non-ex-
treme) pH values, dot only at low temperatures but also at tempera-
tures somewhat above normal ambient temperatures. It is particularly
ndteworthy that this is true of:

25 (1) water-soluble reagents of the invention which have no molecular
‘ species [as defined herein;(vide infra)] coupled thereto, i.e. rea-b
gents of the invention which comprise a water-soluble polymeric
carrier molecule to which there are covalently attached ome or more
groups or moieties derived from divinyl sulfone, one end of each of
30 which is attached to the carrier molecule via a covalent linkage
formed between one of the two vinyl groups of divinyl sulfone and a
reactive functionality present on the carrier molecule, and the other
end of which retains a free, *dangling” vinyl gr up which is capable
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of subsequent reaction with an appropriate molecular species having a
suitably reactive functional group; and

(11) water-soluble conjugates of the invention which comprise a
water-soluble polymeric carrier molecule to which are covalently
attached, via linking groups derived from divinyl sulfone, one or
more molecular species, the polymeric carrier molecule further having
covalently attached thereto one or more divinyl-sulfone-derived
moieties having a free, reactive vinyl group.

"As documented in the working examples herein, the present inventors

have found that the inherent reactivity of the free vinyl groups

" present in the latter types of water-soluble reagents and conjugates

of the invention is suppressed at pH values close to neutrality,
whereas these groups exhibit very high reactivity at alkaline pH
values, e.g. at a pH in the region of about 9-1i.

Furthermore, preliminary results obtained by the present inventors
also indicate that water-soluble conjugates of the invention which
are substantially "saturated” with respect to the possibility of
covalent attachment of further molecular species (i.e. conjugates
according to the invention which have molecular species covalently
attached to the polymeric carrier molecule via linking groups derived
from divinyl sulfone, but which substantially lack divinyl-sulfone-
derived moieties having free, reactive vinyl groixps) also possess
similarly bhigh stability/shelf life in aqueéus solution at moderate
pH values.

The above-described long-term stability exhibited by reagents and
conjugates of the present invention thus makes it possible, as al-
ready indicated (vide supra), to market such reagents or conjugates
in pre-prepared form, e.g. in the form of a kit which might include
(where relevant) instructions and, possibly, supplementary chemical
reagents for carrying out the appropriate further chemical procedu-
res; the pﬁrchaser can thus (i) subsequently attach desired mol cu-
lar species t pre-pr pared, chemically reactive reagents or conju-
gates of the invention to prepare, for =xample, assay reagents r
conjugates which are tail r d 't meet specific requirem nts, or (ii),



WO 93/01498 15 PCT/DK92/00206

in the case f pre-pr pared, "saturated* njugates (vide supra)
according t ‘the inv ntion, use a pre-prepared c njugate according to

the inventi n directly in a relevant detection or assay procedure,

Secondly, as is apparent from the working examples provided herein
5 (vide infra), in relation to the size of the polymeric carrier mole-
cule the reagents and conjugates according to the present invention,
notably the most preferred reagents and conjugates of the invention
in which the polymeric carrier molecule is a dextran, are capable of
a high degree of loading with molecular species while at the same
10 time remaining water-soluble. Furthermore, taking into account the
relatively moderate content of reactive groups (i.e. reactive groups
derived from divinyl sulfone, and via which covalent attachment of
molecular species takes place) on the polymeric carrier molecules of
the intermediate reagents employed in the present working examples in
15 question, and given the fact that appreciably higher contents of -
reactive groups are, as is well documented in other working examples
herein, attainable, it is envisaged that considefably higher levels =
of loading with molecular species are achievable, for example ‘such
that covalent attachment of several thousands of molecular species of ‘-
20  low molecular weight, or up to of the order of a thousand molecular hRe
species of relatively high molecular weight, per carrier molecule is )
achievable, depending of course on the steric bulk and/or molecular -
weight of the molecular species in question, and on the size or
molecular weight of the polymeric carrier molecule.

25 Thirdly, not only is loading of the carrier molecule with a plurality
of, for example, hapten species (as in EP.0 135 071 A2) or fluores-
cein groups (as in US 4,166,105 and US 4,169,137) possible according
to the present invention, but it is equally well possible to attach a
plurality of molecules of antigens, antibodies, enzymes, gene probes,

30 avidin or other types of molecular substances which will be apparent
fron the disclosure herein. Particularly noteworthy is the. ability
according to the invention to attach a plurality of antibodies to a
wat r-soluble polymeric carrier molecul as empl yed within ‘the
context f the invention; on the basis of the patent and sci ntific

35 literature known to the present invent rs and relating to water-
soluble reag nts or ¢ njugates of a type r levant in relation t the
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present invention, it w uld appear that there has eith r been techni-
cal prejudice with regard to the feasibility or desirability of
achieving attachment of more than one antibody molecule (or, at best,
more than a very few antibody molecules) to the carrier molecule, or,
perhaps, that attempts to achieve this have generally failed. The use
of an antibody-bearing conjugate according to the invention (bearing
a plurality of antibodies and a plurality of suitable marker or label
species) in an immunochemical assay, such as an immumohistochemical
or ELISA-type assay enhances the speed of reaction and the sensitiv-
ity (and, probably, the accuracy and reliability) of such assays. It
is believed that the attachment, according to the present invention,
of a plurality of antibody molecules (e.g. about 5, 10, 15, 20 or
more) to the polymer carrier or backbone leads to, for ekample: (a)
increased statistical probability of obtaining a plurality of anti-
body molecules having the correct steric conformation for satisfac-
tory binding to the complementary immunological component (such as an
antigen), and (b) increased strength of binding to the complementary

, immnologicﬁl component.

It may also be mentioned here that similar advantages are also be-
lieved to be attainsble in application of the invention in, e.g.,
hybridization techniques (vide supra), in that detection sensitivity
and reliability of such proceciures is to be expected to be signifi-

cantly enhanced by employing an appropriate conjugate according to

the invention comprising a plurality of marker species and, possibly,

a plurality of probe molecules.

Fourthly, and as a more genmeral aspect, in preparing conjugates'
according to the present invention which comprise two different types
of attached molecular species, the divinyl-sulfone-based coupling
chemistry employed in the context of the invention, notably in com-
bination with the use, in a mamer according to the invention, of a
lyotropic salt in the attachment of these molecular species, makes
possible a very wide variation in thé numbers of and/or ratio between
the two types f m lecular species which are attached t the p lyme-
ric carrier molecule: As already outlined above, the ability t
regulate the reactivity of free vinyl gr ups in reagents or conjuga-
tes 65 the invention by varying the pH makes it p ssible to establish
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a d sired level of loading f the p lymeric carrier (in relation fo
the available number f reactiv vinyl groups) with one £ the mole-
cular species in question, after which the inherent reactivity of the
remaining, unreacted vinyl groups can be suppressed by adjustment of
the pH of the medium; if desired, the "intermediate" conjugate may
then be subjected to one or more purification procedures, e.g. by
chromatographic means, before proceeding to attach the second type of
molecular species of interest. Not only is it thus possible to pre-
pare well-characterized conjugates, but it is also possible to exert
a high degree of control of the preparation process in a straightfor-
ward manner.

Fifthly, it is believed that conjugates according to the invention
based on certain preferred types of polymeric carrier molecules, viz.
polymeric carrier molecules which are substantially linear, possess
tissue structure penetration properties in spite of a relatively high

N

"y

DETAILED DESCRIPTION OF THE INVENTION

In a first aspect, the present invention provides a water-soluble
reagent comprising a water-soluble polymeric carrier molecule having
covalently attached thereto one or more moieties derived from divinyl
sulfone, each of which moleties is attached via a linkage formed
between one of the two vinyl groups of a divinyl sulfone molecule and
a reactive functionality on the polymeric carrier molecule, at least
one such moiety in its attached state having the remaining vinyl
group free and capable of reaction with a molecular species having a
functional group which is reactive towards the free vinyl group.

The term "molecular species® in the context of the present invention
is used to dénote, for example: molecules or ionic species which
serve as labels or markers (such as enzymes, or fluorescent or lumi-
nescent species); or molecules which seﬁe as targetting species,
i.e. molecules which are capable of binding selectively or specifi-

cally to ne or m re target molecules, moieties, receptors r epito-
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p s (examples of such targ tting species b ing hapt ns or hapt n

conjugates, antigens, antibodies, nucleotide sequ nces and hormones).

Owing to the nature of the coupling chemistry employed in the context
of the present invention as a whole, including in methods according
to the invention for preparing reagents and conjugates of the inven-
tion, i.e. the establishment, on the polymeric carrier molecule, of
covalently bound reactive moieties deriving from divinyl sulfone,

and the establishment o_f covalent bonds between, on the one hand,
such moieties, and, on the other hand, molecular species as defined
herein, the known pattern of reactivity of the vinyl groups in a
species such as divinyl sulfone will generally require that the
reactive functionality on the polymeric carrier, i.e. the group with
which a vinyl group of, divinyl sulfone will react to form a covalent
bond, is a nucleophilic function. Suitable polymeric carriers will
then be, for example, polymeric carriers with functional groups such
as: -0" (e.g. deprotonated phenolic hydroxy groups, such as deproto-
nated aromatic hydroxy groups in tyrosine residues of polypeptides or
proteins), -S° (e.g. deprotonated thiol groups on aromatic rings or
aliphatic groups, such as deprotonated thiol groups in cysteine
residues of polypeptides or proteins), -OH (e.g. aliphatic hydroxy
groups on sugar rings, such as glucose or other monosaccharide rings
in oligo- or polysaccharides; or alcoholic hydroxy groups in polyols,
such as polyethylene glycols; or hydroxy groups in certain amino acid
residues of polypeptides or proteins, such as serine or threonine
residues), -SH (e.g. thiol groups in cysteine residues of polypep-
tides or proteins), primary amino groups (e.g. in lysine or ormithine
residues of polypeptides or proteins; or in amino-substituted sugar
rings in certain polysaccharides or derivatives thereof, such as
chitosan) or secéndaxy amino groups (e.g. in histidine residues of
polypeptides or proteins). For similar reasons, the functional group
in question on molecular species in the context of the invention will
also normally be a nucleophilic function, such as a nucleophilic
function of one of the above-described types.

The water-solubl polymers which function as the carrier molecules in
reagents and conjugates £ the invention may be chosen from a wide

variety of typ s of p lymers, -including:

s
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natural and synthetic p lysaccharides, as well as derivatives
there £, f r exampl dextrans and dextran derivatives, starches
and starch derivatives, cellulose derivatives, amylose and
pectin, as well as certain natural gums and derivatives thereof,
such as gum arabic and salts of alginic acid;

homopoly(amino acid)s having suitable 'reactive functionalities,
such as polylysines, polyhistidines or polyornithines:

natural and synthetic polypeptides and proteins, such as bovine
albumin and other mammalian albumins; and

synthetic polymers having nucleophilic functional groups, such
as polyvinyl alcohols, polyallyl alcohol, polyethylene glycols
and substituted polyacrylates.

Very suitable polymers for the purposes of the {nvention are polysac-
charides and derivatives thereof, for example: dextrans, carboxy-
methyl-dextrans, hydroxyethyl- and hydroxypropyl-starches, glycogen,
agarose derivatives, and hydroxyethyl- and hydroxypropyl-celluloses.
As will be apparent from the working examples herein (vide infra),
notably dextrans have proved to be particularly suitable polymers in
connection with the invention, and they are presently the most pre-
ferred polymers.

As already indicated, it is often desirable, particularly for many of
the immunochemical applications of reagents and conjugates of the
invention, that notably the conjugates of the invention, including
conjugates of the invention which are prepared (by a process which
also constitutes an aspect of the invention) from reagents of the
invention, have no net charge, since the presence of a net positive
or negative charge in such cases can lead, inter alia, to undesirable
non-specific binding of the conjugates to substances and/or materials
other than those of interest. In many cases this condition will,
unless charged molecular species are intr duced, be fulfilled simply
by ensuring that the polymeri carrier itself possesses no net char-
g ; thus, '1n a further aspect of the invention, the p lymeric carrier

v
o

.
An

'
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m lecule of a reagent or conjugate of th inventi n is, in its fr e

 state, substantially linear and substantially uncharged at a pH in

th range of about 4 to about 10, the latter pH interval being the
interval of practical relevance for the vast majority of immunochemi-
cal procedures, hybridization procedures and other applications of,
notably, conjugates of the invention. Among various polymers which
meet this criterion, are, for example, numerous polysaccharides and
polysaccharide derivatives, e.g. dextrans and hydroxyethyl- and
hydroxypropylcelluloses. '

Depending on the use to which a reagent or conjugate of the invention
is to be put, reagents and conjugates of the invention may be based
on water-soluble polymeric carriers having molecular weights ranging
from rather low to very high, and in a further aspect of the inven-
tion the polymeric carrier may have a peak molecular weight in the
range of about 1,000 to about 40,000,000. Peak molecular weights
which are of considerable interest, and which are exemplified in the
working exani:les given herein, are peak molecular weights in the
range of about 1,000 to about 80,000, and in the range of about :
80,000 to about 2,000,000. A peak molecular weight of particular
interest, notably in the case of dextrans as polymeric carriers, is a
peak molecular weight of about 500,000.

The term °"peak molecular weight" (also denoted "peak average molecu-
lar weight®) as employed in the present specification and claims in
connection with polymeric carriers denotes the molecular weight of
greatest abundance, i.e. that molecular weight (among a distribution
of molecular weights) which is possessed by. the gteatest mumber of
molecules in a given sample or batch of the polymer. It is quite
normal to characterize mumerous types of polyﬁers in this manmmer,
owing to the difficulty (particularly for the highest molecular
weights) of obtaining or preparing polymer fractions of very narrow
molecular weight:'dts:ribution. In the case of mumerous commercially
available polymers which are of interest in the context of the inven-
tion, for example dextrans, the manufacturer or distributor will be
abl to provide reliabl peak mol cular weight data (determined, for
example, by gel-permeation chr mat graphy) which can provide a basis
£ r the selecti n of a p lymer. fraction suitabl for the preparati n
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of a particular type of reagent or conjugate. It sh uld be menti ned
here that peak molecular weight values cited in th present specifi-
cation and claims refer to the peak molecular weight of the free
polymer in question, and take no account of, for example, the pos-
sible formation of cross-linked polymer units, e.g. as a result of
cross-linking of two or more polymer molecules by reaction with
divinyl sulfone during a process according to the invention for ﬁhe
preparation of a reagent or conjugate of the invention; such cross-
linked units will, on average, have higher molecular weights than the
individual free polymer molecules from which they are formed.

Reagents according to the present invention may clearly be tailored
to meet a very wide range of requirements with regard to peak molecu-
lar weight of the polymer and the content of free, reactive vinyl
groups. A further aspect of the invention relates to reagents based
on a polymeric carrier having a peak molecular weight of about
500,000 or about 2,000,000, or having a peak molecular weight in any
one of the following ranges:

about 1,000 to about 20,000; about 20,000 to about 80,000; about
80,000 to about 500,000; about 500,000 to about 5,000,000; or
about 5,000,000 to about 40,000,000;

and having a content of free, reactive vinyl groups in the range of

_about 1 to about 5,000 imoles of vinyl groups per gram of polymeric

carrier, such as in any of the following sub-ranges (expressed in
pmoles of vinyl groups per gram of polymeric carrier):

about 1 to about 50; about 50 to about 300; about 300 to about
1,000; or about 1,000 to about 5,000;

As indicated previously, molecular species in the context of the
present invention, i.e. molecular species which are to be attached to -
a reagent or conjugape according to the imvention, or which are
already attached to the polymeric carrier of a conjugate of the
invention, are to be f und among numer us different typ s of substan-

ces, exampl s b ing:
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proteins, such as ferritin, phycoerythrins, phycocyanins r
phycobilins; enzymes, such as horseradish peroxidase, alkalin
phosphatase, glucose oxidases, galactosidases or ureases;
toxins; drugs; dyes; fluorescent, luminescent, phosphorescent
or other light-emitting substances; metal-chelating substances,
such as iminodiacetic acid, ethylenediaminetetraacetic acid
(EDTA), diethylenetriaminepentaacetic acid (DTPA) or desferri-
oxamine B; substances labelled with a radiocactive isotope; or
substances labelled with a heavy atom.

In the light of the discussion given earlier, above, it will be clear
that the majority of types of substances among these latter examples
will be able to serve as labels or markers in conjugates according
to the invention. To give some further examples, fluorescent substan-
ces may be selected from, e.g., fluorescein (suitably as fluorescein
isothiocyanate, FITC), fluoresceinamine, 1-naphthol, 2-naphthol,
eosin, exyth;rosin, morin, o-phenylenediamine, rhodamine and 8-anili-
no-1-naphthalenesulfonic acid. Radiocactive isotopes of relevance may
be selected, for example, among isotopes of hydrogen ({.e. tritium,
3H), carbon (such as 14C), phosphorus (such as 32P), sulfur (such as
35s),. fodine (such as 1311), bismuth (such as 2128i), yttrium (such
as 9°Y), technetiur (such as 99‘[«:). palladium (such as 1-091’4:1) and
samariun (such as 153sm). Heavy atoms of relevance may be selected,
for example, among Mn, Fe, Co, Ni, Cu, Zn, Ga, In, Ag, Au, Hg, I, Bi,
Y, La, Ce, Eu and Gd. Gold (Au) [possibly in combination with silver
(Ag) as an enhancement reagent (vide supra)] is a particularly useful
heavy atom in many cases.

In a further aspect of the invention, molecular species in the con-
text of the present invention may also be targetting species [as
defined earlier (vide supra)} which are capable of selective binding
to, or selective reaction with, a complementary molecule or a com-
plementary structural region of a materisl of biological origin.
Examples of relevant targetting species are, for example: antigens;
haptens; monoclonal r p lyclonal antibodies; gene pr b s; natural
or synthetic olig - or polynucle tides; certain natural or synthetic
mono-, olig - or polysaccharides; 1 ctins; avidin or streptavidin;
bi tin; growth Afact_ors; hormones; receptor molecules; or protein A
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or pr tein G. For exampl s of appropriate antibodies, refer nce is

made t the w rking examples given h rein. Examples f relevant hor-
mones may be selected fr m steroid h rmones (e.g. estrogen, §rogesce-
rone or cortisone), amino acid hormones (e.g. thyroxine) and peptide

and protein hormones (e.g. vasopressin, bombesin, gastrin or ins-

" ulin).

As alreadyvmde clear, the present invention also relates to a water-
soluble conjugate comprising a water-soluble polymeric carrier mole-
cule to which one or more molecular species are covalently attached,
each via a linking group derived from divinyl sulfone, the attachment
of each of the linking groups to the polymeric carrier molecule being
via a covalent linkage formed between one of the two vinyl groups of

a divinyl sulfone molecule and a reactive functionality on the car-

rier molecule, and the attachment of a molecular species to the
linking group being via a covalent linkage formed between the other
vinyl group originating from the divinyl sulfone molecule and a
functional group on the molecular species.

In particularly interesting conjugates of the latter type according
to the invention, ti:e polymeric carrier molecule further has co-
valently attached thereto ome or more moieties derived from divinyl
sulfone, each of which moieties is attached via a covalent linkage
formed between one of the two vinyl groups of a divinyl sulfone
molecule and a reactive 'fuuctionality on the polymeric carrier mole-

.cule, at least one such said moiety in its attached state having the

remaining vinyl group free and capable of reaction with a further
molecular species having a2 functional group which is reactive towards

the free vinyl group.

The attached molecular species in a conjugate of one of the latter
types, or of other types (vide infra) according to the invention may
suitably be divided up into, for example, molecular species having
molecular weights of about 2,000 or below, and molecular species
having molecular weights of about 2,000 r above. In the f rmer case,
the polymeric arrier molecule of the conjugate may have from 1 t
about 10,000 molecular species covalently attached theret , for
exampl from ab ut 10 to abo@t 1000 molecular speci s, such as from
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ab ut 20 to ab ut 500 molecular species cow}alently attached thereto.
In th latter case, i.e. for mol cular species £ molecular weight

about 2,000‘ or above, the polymeric carrier molecule of the conjugate

"may have from 1 to about 1000 molecular species covalently attached

thereto, for example from i1 to about 500 molecular species, such as
from 1 to about 100, from 2 to about 50, or from about 10 to about 50

molecular species covalently attached thereto.

In a further aspect, conjugates of this type according to the inven-
tion may be based on a polymeric carrier having a peak molecular
weight of about 500,000 or about 2,000,000, or having a peak mole-
cular weight in any one of the following ranges:

about 1,000 to about 20,000; about 20,000 to about 80,000; about
80,000 to about 500,000; about 500,000 to about 5,000,000; or
about 5,000,000 to about 40,000,000;

and having a sum total content of molecular species and, where rele-
vant, free vinyl groups in the range of about 1 to about 5,000 pmoles
of molecular species plus, where relevant, umoles of vinyl groups per
gram of polymeric carrier, such as in any of the following sub-ranges
(expressed in imoles of molecular species plus, where relevant,

pmoles of vinyl groups per gram of polymeric carrier):

about 1 to about 50; about 50 to about 300; about 300 to about
1,000; or about 1,000 to about 5,000;

Further molecular species as defined in the context of the invention
may have any of the characteristics mentioned previously, above, in
connection with molecular species.

Yet another aspect of the invention relates to a water-soluble com-
jugate comprising a water-soluble polymeric carrier molecule to which
are covalently attached two or more molecular species, at least ome
of which is different from the ther(s), each molecular species being
attached via a linking gr up derived fr m divinyl sulfone, th at-
tachment of each linking group to the polymeric carrier molecule
being via a covalent linkage formed betwe n one £ the two vinyl



WO 93/01498 PCT/DK92/00206

10

15

20

25

30

25

gr ups. of a divinyl sulfone molecule and a reactive functi nality on
said carrier molecule, and the attachment f a m lecular species to
th linking group being via a covalent linkage formed between the
other vinyl group originating from the divinyl sulfone molecule and
a functional group on the molecular species.

Conjugates of this latter type according to the invention may be
based on a polymeric carrier having a peak molecular .weight of about
500,000 or about 2,000,000, or having a peak molecular weight in any
one of the following ranges:

about 1,000 to about 20,000; about 20,000 to about 80,000; about
80,000 to about 500,000; about 500,000 to about 5,000,000; or
about 5,000,000 to about 40,000,000;

and having a total content of covalently attached molecular species i
in the range of about 1 to about 5,000 umoles of molecular species
per gram of polymeric carrier, such as in any of the following sub-
ranges (expressed in pmoles of molecular species per gram of poly-

meric carrier): .

about 1 to about 50; about 50 to about 300; about 300 to about
1,000; or about 1,000 to about 5,000; . -

As already indicated, the invention also relates to methods of prepa-
ration of a reagent or conjugate according to the invention: thus, in
one such aspect the invention provides a method for the prepa:atioﬁ
of a water-soluble reagent according to the invention, i.e. a water-
soluble reagent comprising a water-soluble polymeric carrier molecule
having covalently attached thereto one or more moieties derived from
divinyl sulfone, each of which moieties is attached via a linkage
forned between one of the two vinyl groups of a divinyl sulfome
molecule and a reactive functionality on the polymeric carrier mole-
cule, at least one such moiety in its attached state having the
remaining vinyl group fr e and capabl £ reacti n with a molecular
species having a functi nal group which is reactive towards th fr e

vinyl group.
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The method in questi n according to the inventi n c mprises allowing .
the water-soluble polymeric carrier to r act with divinyl sulfone 1£1
aqueous s lution at a pH above 5. In its most general form, the
reaction may take place at a temperature in the range of 0-60°C,
although a temperature in the range of 20-25°C will often be quite
suitable, as illustrated, for example, for polymeric carriers such as
dextrans and certain polysaccharide derivatives in the working ex-
amples given herein. The pH at which the reaction takes place is
generally within the range of about 10-11.5, which is a pH range in
which divinyl sulfone is particularly reactive towards reactive
functionalities on most types of polymeric carriers.

As far as the concentration of the polymeric carrier in the

aqueous solution is concerned, it will generally be within the range
of 0.1-20 X w/v, and often in the range of 1-10 X w/v. The concentra-
tion of divinyl sulfone in the aquecus solution will generally be in
the range of 0.1-15 X v/v, and often in the range of 1-10 X v/v.

It i{s difficult to give gemeral guidelines concerning the period of
time for which the reaction of divinyl sulfone with the polymeric
carrier in 'aqueous solution should be allowed to proceed, since these
will vary rather considerably, depending, e.g., the temperature and
pH at which the reaction occurs, the comcentration of the polymeric
carrier and of divinyl sulfone in the reaction mixture, the nature
and/or molecular weight of the polymeric carrier, and the extent to
which cross-linking of the polymeric carrier (by reaction with di-
vinyl sulfone) may proceed before there is a risk, for example, of
gelling or precipitation taking place; as is clearly illustrated in
the vorking examples herein in the case of dextrans, the reaction
time may be an important factor for at least some classes of polyme-
ric carriers. The reaction time in question will, however, normally
be within the range of 5-120 minutes.

As also indicated previously, the present invention also provides a
method for the preparation of a water-soluble conjugate according to
the invention based on a water-soluble p lymeric carrier molecule t
which ne or mor mol cular speci s ar covalently attached, each

via a linking gr up derived from divinyl sulf ne, the attachment of
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each of the linking gr ups to the polymeric carrier molecule beiﬁg
via a ¢ valent linkage formed between ne of the two vinyl groups of
a divinyl sulf ne molecul and a r active functionality on the car-
rier molecule, and the attachment of a molecular species to the
linking group being via a covalent linkage formed between the other
vinyl group originating from the divinyl sulfone molecule and a
functional group on the molecular species; the same method also
applies to the preparation of such conjugates in which the polymeric
carrier molecules further have covalently attached thereto one or

more reactive moieties derived from divinyl sulfome.
The method in question comprises:

allowing the water-soluble polymeric carrier to react with
divinyl sulfone in aqueous solution at a pH above 5, so as to
form an aqueous solution containing a water-soluble intermediate
reagent comprising molecules of the water-soluble polymeric
carrier having covalently attached thereto one or more reactive
moieties derived from divinyl sulfone,

optionally subjecting the water-soluble intermediate reagent to
. a purification step, and

allowing the optionally purified water-soluble intermediate
Teagent to react, via its reactive moieties, with a molecular
species in aqueous golution at a pH above 5.

The optional purification step may, for example, involve a process
such as dialysis (for the removal of unwanted salts or other species
of low molecular weight) or gel chromatography. The pH and tempera-
ture conditions, and the concem:r#t:ions of polymeric carrier and
divinyl sulfone during the reaction of the polymeric carrier with
divinyl sulfone will generally be as described previously in connec-
tion with the preparation of water-soluble reagents of the invention,
and the comments made concerning reaction time are also relevant

here.

t!
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As regards the re&ction f the water-soluble intermediate reagent
with the mol cular species in the final stage of the process, the
temperature during the reaction will generally be in the range of
0-60°C, and often in the range of 20-25°C. The concentration of
molecular species in the aqueous reaction medium will generally be in
in the range of 0.1-20 X v/v, and the pH of the solution will gene-
rally be in the range of about 8-12.

In a particularly interesting aspect of the latter method of the
invention, the aqueous solution in which the molecular species reacts
with the optionally purified water-soluble intermediate reagent
contains a lyotropic salt, i.e. a salt which has the property, e.g.,
of promoting the precipitation ("salting-out”) of certain types of
high molecular weight species, in particular proteins, from aqueous
solution. The effectiveness (demonstrated in the working examples
herein) of the incorporatiom of such a lyotropic salt in enhancing
the attachment of molecular species to the reactive vinyl groups
present in the water-soluble intermediate reagent formed during the
process of the invention is contemplated to derive from the "salting-
out® effect mentioned above.

Suitable lyotropic salts may be selected among sulfates, phosphates,
citrates and tartrates of lithium, sodium, potassium and ammonium,
and the lyotropic salt will normally be present in a concentration
corresponding to an ionic strength of at least 0.01, for example a
concentration corresponding to an ionic strength of at least 0.3. A
suitable concentration will often be a concentration corresponding to

an ionic strength in the range of 0.5-5.

As already indicated above, the influence of lyotropic salts in
methods of the invention is particularly noteworthy in the case of
molecular species which are proteins or polypeptides.

It will be apparent that reagents of the invention corre#pond in
comp sition to the water-soluble intermediate reagents formed in the
c urse of the latter method; thus, yet another aspect of the inven-
tion relates to a method f r the preparati n of the same type £
water-soluble conjugate as in.the 'preceding meth d, the method com-
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prising allowing a water-soluble reagent according t the inv ntion
to react with a molecular species in aqueous s lution at a pH abov
5. The nature of the molecular species involved, and the conditions
applying in the process (including the influence of lyotropic gsalts)
are generally as already described, above.

A still further aspect of the invention relates to a method for the
preparation of a water-soluble conjugate according to the invention,
which conjugate comprises a water-soluble polymeric carrier molecule
to which are covalently attached two or more molecular species, at
least one of which is different from the other(s), each molecular
species being attached via a linking group derived from divinyl
sulfone, the attachment of each linking group to the polymeric car-
rier molecule being via a covalent linkage formed between one of the
two vinyl groups of a divinyl sulfone molecule and a reactive funct-
jionality on the carrier molecule, and the attachment of a molecular
species to said linking group being via a covalent linkage fomed
between the other vinyl group originating from said divinyl sulfone
molecule and a functional group on said molecular species.

The method in question comprises:

(1) allowing the water-soluble polymeric carrier to react with
divinyl sulfone in aqueous solution at a pH above 5, so as to
form an aqueous solution containing a water-soluble intermediate
reagent comprising molecules of the water-soluble polymeric
carrier having covalentiy attached thereto two or more reactive
noieties derived from divinyl sulfone,

(ii) optiomally subjécting the water-soluble intermediate rea-
gent to a purif:lcatioii step, ‘

(11i) ellowing the optionally purified water-soluble interme-
diate reagent to react, via its reactive moieties, with a mole-
cular spe 1 s in aqueous solution at a pH abov 5 so as to £ rm
a water-s luble intermediate conjugate, the onditi ns being
such that not all f th reactive m ieties react with a m lecu-

lar species,
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(iv) optionally subjecting the water-soluble intermediate ¢ n-
Jugate to a purificati n step, and

(v) allowing the optionally purified water-soluble intermediate
conjugate to react, via previously unreacted reactive moieties,
with a further molecular species in aqueous solution at a pH
above 5, the further molecular species being different from
that already attached in the intermediate conjugate.

The concentrations of the various components, as well as the condi-
tions prevailing in the reaction steps, will generally be as already
described. The concentration of further molecular species, and the
other conditions associated with the reaction thereof, will generally
be as for molecular species. As before, the inclusion of a lyotropic
salt in the reactiom media for reaction of the molecular species and
the further molecular species (particularly vhen these are proteins
or polypeptides) is a preferred aspect.

In a further aspect of this method, any remaining free vinyl groups
present in the conjugate formed in step (v) are deactivated, the
deacrivation being achieved by the addition, to the aqueous solution
of the conjugate, of an excess of a deactivating species of low
molecular wéight:; suitable deactivating species may be, for example,
ethanolamine, mercaptoethanol, or certain amino acids, e.g. cysteine,
glycine, alanine or valine.

It will be apparent that those conjugates of the invention which
have a molecular species attached and further have reactive vinyl
groups correspond in composition to the water-soluble intermediate
conjugates formed in the course of the latter method; thus, yet
another aspect of the invention relates to a method for the prepara-
tion of the same type of water-soluble conjugate as in the preceding
method, the method comprising allowing a water-soluble conjugate of
the mentioned type according to the invention to react with a further
molecular species in aque us s lution at & pH above 5, the further
molecular species being different fr m that alr ady attached in the

reacting conjugate.
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The ¢ nditi ns pertaining to the reaction, as w 11 as the nature of
the further molecular species, will generally be as already described
above in connection with the preceding method of the invention. .

The invention also relates to products (reagents and conjugates)
produced by the various methods of the invention. The invention
further relates to the use of such conjugates, and of other con-
Jugates of the invention, in procedures or techniques involving the
interaction of a target moiety or target functionality (e.g. an
antigen-Binding site of an antibody) with a targetting species as
defined herein. ' ‘ ‘

More particularly, the invention relates to the use of conjugates
produced by the various methods of the invention, and of other con-
Jugates of the invent:ion,' in procedures or techniques of the follow-
ing types: immunochemical assay techniques, including enzymatic
immunoassays (EIA) such as ELISA, radioimmunoassays (RIA), and neph-
elometric and turbidimetric immunocassays; {mmunohistochemical proced-
ures; cytochemical procedures; flow cytometry; in situ hybridization
techniques; membrane hybridization techniques (i.e. techniques in
vwhich a hybridization reaction takes place on a membrane or sheet,
such as a nitrocellulose membrane or sheet), including Southern and
northern blotting; and methods based on léctin/caijohydrate inter-
actions. The use of such conjugates in biosensors or biosensor sys-
tems is also within the scope of the present invention.

Examples of techniques or procedures in which conjugates of - or
produced according to - the invention are particularly useful are:
detection of antigenic determinants or antibodies in tissues or in/on
cells using immmohistochemical/cytochemical procedures; ®amplif-
ication” of the sensitivity of detection for such immunochemical
reactions; detection of antigenic determinants, haptens or antibodies
in a sample using immunoassays or immunoblotting procedures; "amplif-
ication" f the sensitivity of detecti n in such immmoassays r
immunobl tting procedures; detecti n f target nucleic acid sequences
via hybridizati n reacti ns; and "amplification” of the sensitivity
of detection of such hybridization reactioms.
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BRIEF DESCRIFTION OF THE DRAWINGS

The invention is illustrated in greater detail by the following Ex-
amples, with reference to the appended drawings which are as follows:

Fig. 1: Results from Example 11.

Gel-filtration UV-absorption profiles for samples from coupling of
horseradish peroxidase (HRP) to DVS-activated dextran of peak MW
500,000. The profiles for free and dextran-bound HRP are showm for
samples subjected to coupling times of O, 1 hour and 4 hours, resp-
ectively (gel-filtration performed on Sephacryl™ $-200). Horizontal

axis: elution volume in ml.

Fig 2: Results from Example 37B.

Relationship between the concentration of m-dext:ran/goét anti
rabbit IgG conjugates and the absorbance at 492 mm in a three-layer
ELISA. Results are shown for conjugates comprising various comb-
inations of numbers of goat anti rabbit IgG molecules and of mole-
cules of immmoglobulin from non-immmized goats per molecule of
dextran. It is apparent that for a given concentration of conjugate,
the measured absorbance Iincreases with increase in the mumber of
conjugated goat anti rabbit IgC molecules per molecule of dextran.

Fig. 3: Results from Example 37C.

Relationship between the concentration of a HRP-dextran/goat anti
rabbit IgG conjugate and the absorbance at 492 mm in a three-layer
ELISA. For comparison purposes, results are also shown for a convent-
ional HRP-labelled (conjugated) swine anti rabbit IgG. It is apparent
that for a given concentration, the measured absorbance is consider-
ably higher for the dextran conjugate according to the invention than
for the conventional conjugate.

Fig. 4: Results from Example 38.

Relationship betwe n the concentrati n of bi tinylated rabbit IgG in
the sec nd layer in a three-lay r ELISA, and th absorbance at 492 nm
using HRP-dextran/avidin ¢ njugates t det t the biotinylated rabbit
IgG. Results are shown for four HRP-dextran/avidin conjugat s com-
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prising different numbers of avidin m lecules per molecule f dex-
tran. It is apparent that for a given concentrati n of biotinylated
rabbit IgG, the measured abs rbance increas s with incr ase in the

number of conjugated avidin molecules per molecule of dextran.

Fig. 5: Results from Example 40.

Relationship between the concentration of biotinylated rabbit: 1gG
used for the first layer (i.e. for adsorption to the surface of the
solid-phase support) in a two-layer ELISA, and the absorbance at

492 om, Results are shown for a HRP-dextran/streptavidin conjugate
according to the invention and, for comparison purposes, for a con-
ventional HRP-labelled (conjugated) streptavidin. It is apparent
that for a given concentration of biotinylated rabbit IgG, the meas-
ured absorbance is considerably higher for the dextran conjugate
according to the invention than for the conventional conjugate, i.e..
the detection limit in the assay is significantly lower when the )
conjugate of the invention is used than when the conventional con-.,
jugat:e is used.

Fig. 6: Results fron Example 56. o
Relationship between the ratio of mg of mouse anti human kappa light -

chains to mg of dextran (in a gomplex formed between mouse anti human
kappa light chains and HRP-dextran/RAM conjugate) and the absorbance
at 492 nm in a two-layer ELISA. Results are shown for four concentr-
ations of human serum proteins used for the £irst layer (i.e. for
adsorption to the surface of the solid-phase support). A levelling
off of the absorbance is observed at a ratio of approximately 4 mg
mouse anti buman kappa light chains/mg dextran, independent of the
concentration of human serum proteins used for adsorption to the
solid-phase support. .

Fig. 7: Results from Example 57.

Relationship between the concentration of dextran (in a complex
formed between biotinjlated rabbit anti human kappa light chains and
HRP-dextran/streptavidin conjugat ) and th abs rbance at 492 mm in a
twvo-layer ELISA. R sults are sh wn for ¢ mplexes f rmed at three
different ¢ nc ntrati ns £ bi tinylated rabbit anti human kappa
light chains. It is apparent that for a given nc ntration f com-

it
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pPlexed-c njugate, a maximum abs rbance value is btained when the
complex is formed using a conc ntration f ab ut 0.309-0.465 mg of
biotinylated rabbit anti human kappa light chains/ml.

Fig.8: Results from Example 58.

Relationship between the concentration of mouse anti human kappa
light chains (in a complex formed between mouse anti human kappa
light chains and HRP-dextran/RAM conjugate) and the absorbance at 492
nm in a two-layer ELISA. Results are shown for complexes formed at
five different concentrations of mouse anti human fcappa light chains,
keeping the ratio between mouse anti human kappa light chains and
RAM constant during complex formation. The measured absorbance shows
only small variations as a function of the concentration of mouse
anti human kappa light chains used for complex formation.

ABBREVIATIONS

The followiﬁg abbreviations are employed in the Examples given below
and elsewhere in the specification: )

BSA: bovine serum albumin

Dvs: divinyl sulfone

MW: molecular weight

HRP: horseradish peroxidase

FITC: fluoresceinisothiocyanate

PSA: prostate-specific antigen

GAM: goat anti mouse Ig

RAM: rabbit anti mouse Ig

AP: alkaline phosphatase i

SPDP: N-succinimidyl 3-(2-pyridyldithio)propionate
DTT: dithiothreitol

LSAB: labelled streptavidin biotin
cat.: catalogue
Fab: fragment antigen binding

Unless indicated therwise, the water employed in the following
examples was water from a Milli Q™ apparatus, i.e. water which had
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been subjected to filtrati n thr ugh a Millipore™ filter and sub-

s quent deionization.
GENERAL DESCRIPTION OF DETECTION/ASSAY PROCEDURES EMPLOYED

A general outline of immunohistochemical and cytochemical detection
is given in the introductory part of the present specification, and
such detection procedures can be carried out by a skilled person
using established, readily available methods.

Detection of target nucleic acid sequences using labelled probes is
also outlined in the introductory part of the present specification,
and can similarly be carried out by a skilled person using establish-
ed, readily available ptocedurés. In the context of the present
invention, "amplification® (i.e. increagse in the detection sensitiv-
ity) in connection with detection of the occurrence of a hybrid-
ization reaction can be achieved by using, for example, a biotin-
labelled probe for the hybridization and a conjugate according to the '
invention comprising, e.g., anti biotin antibodies, avidin or'strep-
tavidin as reagent for detection of the hybridization,

General ELISA procedure: As also outlined in the introductory part

of the present specification, an important class of himunoassay
procedures are the so-called ELISA procedures. In the working ex-
amples herein (vide infra), the ELISA procedures are performed using '
three "layers” or - in certain special cases - two layers as follows:

Three layers: After adsorption of antibody ("catching antibody®) to
the wells of a polystyrene microtiter plate (NUNC, Demmark) (giving
the ist layer), the complementary antigen or biotin-conjugated anti-
gen is bound as a 2nd layer. The 3rd layer in the form of a conjugate
according to the invention comprising enzyme (horseradish peroxidase)
and either (i) an antigen-specific antibody, or (ii) (when the com-
plementary antigen in the 2nd layer is labelled with biotin) avidin
or streptavidin is then introduced. Finally, th bound, enzyme-label-
led ¢ njugate is then det cted by adding a ¢ 1 ur-development reagent
(ortho-phenylenediamine/hydrogen peroxide) which is a substrate for



WO 93/01498 PCT/DK92/00206

10

15

20

25

30

36

the enzyme. Appropriate washing is perf rmed betw en these various
steps (vide infra).

Two layers: The appropriate antigen or biotin-labelled antigen is
adsorbed directly to the inner surface of microtiter plate wells,
i.e. the catching antibody is omitted.

In Examples 37B, 37C and 38 (vide infrs), three layers are used as
described above, with the following details:

1st layer: 100 pl of goat anti rabbit Ig dilution in each well.
Incubation overnight at + 4°C.

Blocking of remaining binding sites: 200 pl of 0.1 M dipotassium
hydrogen phosphate, 1 % Iween™ 20, pH 7.2.

Incubation: »30 minutes at room temperature.

Washing procedure: The microtiter plate wells are emptied by invert-
ing the plate and “"flicking” it over a sink. Residual liquid is
removed by further tapping the inverted microtiter plate against
filter paper. The wells are then filled with 0.1 M dipotassium hydro-
gen phosphate, 0.5 M NaCl, 0.1 X Tween™, pH 7.2, and the plate is
gently rocked for 3-5 minutes. This procedure is repeated twice.

2nd layer: 100 pl of rabbit IgG (i ng/ml) or (vhen the 3rd layer is
to comprise a streptavidin conjugate) 100 pl of biotin-conjugated
rabbit Ig6 (0.1 ng/ml) in each well. [Control: 100 ul of dilution
buffer (see the Examples in question)). Incubation overnight at +
4°C. Washing as described above under "Washing procedure”.

3rd layer: 100 zl of HRP-dextran/goat anti rabbit Ig dilution or 100
pl of HRP-dextran/streptavidin conjugate preparation in each well.
The plate is gently rocked for 2 h. Washing as described in "washing
procedur ". 100 ul f ¢ lour-devel pment reag ut s lution is added,
followed after 15 minutes by addition of 100 pl of 1 M H50,. The
col ur intensity in the individual wells is then measured using an

automatic ELISA reader.

LN}
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In Exampl 40 (vide infra), two lay rs are used as described above,
with the following details:

1st layer: 100 sl of biotin-conjugated rabbit IgG dilution in each
well. Incubation overnight at + 4°C,

Blocking of remaining binding sites: 200 ul of 0.1 M dipotassium
hydrogen phosphate, 1 X Tween™ 20, pH 7.2. Incubation for 30 minutes
at room tewperature. Washing as described above under "Washing proce-

dure”.

2nd layer: 100 ul of HRP-dextran/streptavidin preparation or 100 ul
of conventional streptavidin-peroxidase conjugate in each well. 100
sl of colour-development reagent solution is added, followed after 15
minutes by addition of 100 ul of 1 M HySO,. The colour intensity in
the individual wells is then measured using an automatic ELISA read-
er.

In Examples 56, 57 and 58 (vide infra), two layers are used as des-
cribed above, with the following details:

ist layer: 100 ul of normal human serum dilution in each ELISA-well,
Incubation overnight at +4°C.

Washing procedure: The wells of the microtiter plate are emptied #ﬁd
washed (5 x 1 minute) using an automatic well-washer (Denley, well-

‘wash-4) . The washing buffer is: 0.01 M sodium phosphate, 0.145 M

NaCl, 0.1 X Tween™ 20, pH 7.2.

2nd layer: In each well either 100 ul of HRP-dextran/RAM conjugate
complexed with mouse anti human kappa light chains dilution, or 100
sl of HRP-dextran/streptavidin conjugate complexed with biotinylated
mouse anti human kappa light chains dilution. Incubation with gentle
shaking for 1.5 hours at approx. 20°C. Washing as described above.
100 pl of colour-development reag nt s luti n is added, £ llowed

aft r 10 minutes (in Examples 56 and 58) or after 2 minutes (in
Example 57) by addition £ 100 ul £ 1 M HpSO,. The c lour intensity
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in the'individual wells is then measured using an automatic ELISA

reader.

General procedure fo; Dot Blot (immmoblotting): The general proced-
ure for immumoblotting [as employed in Examples 37C and 40 herein .
(vide infra)] is as follows:

Antigen or biotin-conjugated (biotinylated) antigen is immobilized on
nitrocellulose membranes in the form of dots of a serial dilution.
After blocking of remaining binding sites, the nitrocellulose mem-
branes are incubated with the appropriate peroxidase-containing
conjugate with binding specificity for the (optionally biotinylated)

antigen.

After washing, colour-development reagent (diaminobenzidine/hydrogen
peroxide) is added, the intensity of the colour generated being

proportional to the amount of enzyme present in the form of conjugate
bound to the (optionally biotinylated) antigen in the dots. :

Procedure: 1 pxl of (optionally biotimylated) rabbit IgG at dilutions
of 6, 3, 1.5, 0.75, 0.38, 0.19, 0.10, 0,05 and 0.025 ng/sl is applied
to the nitrocellulose membrane; the dilution medium is 0.1 M NaCl

containing 50 mg of BSA/1000 ml.

Blocking of remaining binding sites: 0.1 M potassium phosphate, 1 I
Tween™, pH 7.2, for 2 minutes. '

General washing procedure: the nitrocellulose membrane is washed in
0.1 M dipotassium hydrogen phosphate, 0.5 M NaCl, 0.1 X Tweea™, pH
7.2, for 5 minutes with gently rocking; the spent washing buffer is
then removed. The procedure is repeated twice.

The conjugate to be tested is diluted in 0.1 M potassium phosphate,

1 X BSA, 0.1 X Tween™, pH 7.2. Washing as described above under
"General washing pr ¢ dure". The membrane is immersed in the colour-
development reagent, and after 15 minmutes the membrane {s then washed
once with distilled water. Th lowest diluti n £ antigen giving a
positive dot is determined. '
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o .
Divinyl sulfone activation of hydroxyethyl-cellulose
One gram of hydroxyethyl-cellulose ("Natrosol 250 HR", Aqualon,
Germany) was dissolved in 50 nl of water at room temperature (20--

25°C), and to the solution was added 50 ml of 0.5 M dipotassium
hydrogen phosphate/sodium hydroxide (pH 11.5) and 25 mg of sodium

borohydride. Immediately after dissolution of the sodium borohydride,

the reaction mixture was transferred to a well ventilated hood and 5
ml of divinyl sulfome (Aldrich, cat. No. V370, 97 % pure) was added.
Gentle stirring was performed with a magnetic stirrer. After 10 and
30 minutes, respectively, SO ml aliquots of the solution were with-
drawn. The pH of each aliquot was adjusted to 6-7 with 5 M hydro-
chloric acid (to quench the reaction). Each of the two solutions was
then dialysed aéainst 4 x 5 1 of water over a period of two days at
room temperature. After dialysis the volume of eaéh solution had
increased to 76 ml, corresponding to a final concentration of DVS-
activated hydroxyethyl-cellulose of 6.6 mg/ml.

The content of free, reactive vinyl groups ({i.e. "&angling" terminal
vinyl groups of DVS-derived moieties which are covalently attached
to the polymer substrate via a linkage formed by reaction of one of
the two vinyl groups of DVS with, in this case, a hydroxy group on
hydroxyethyl-cellulose) was determined by reaction with a large
excess of sodium thiosulfate followed by titration of the resulting
hydroxide ions with standard hjdtochlotic acid. The reaction of the
free vinyl groups with thiosulfate ion takes place according to the
folloving reaction scheme [Porath et al., J. Chromatogr. 103 (1;975)
49]:

(SUBSTRATE) -0-CHg-CHy -509-CH=CHy + S903°" + Hp0 -
(SUBSTRATE) -0-CHp - CHg - 509-CHp - CHy -S503” + OH"

The titration results indicated that the sampl s of DVS-activated
hydroxy thyl-cellulose had a content of 150 and 818 umoles £ vinyl

H

.
.

24
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groups per gram of hydroxyethyl-cellulose after 10 and 30 minutes of
activation, respectively.

EXAMPLE 2
Divinyl sulfone activation of hydroxypropyl-starch

A reaction and dialysis procedure exactly amalogous to that described
in Example 1 was employed, starting with 1 gram of hydroxypropyl-
starch ("Reppal PES 200*, Reppe Glykos AB, Sweden). After dialysis,
the volume of the solution derived from the aliquot withdrawn after
10 minutes had increased to 64 ml, whilst that of the solution deri-
ved from the aliquot withdrawn after 30 minutes had increased to 78
ml, This corresponds to a final concentration of DVS-activated hy-
droxypropyl-starch of 7.8 and 6.4 mg/ml, respectively.

Using the t:it:ration procedure described in Example 1, the content of
reactive vinyl groups in the two samples of DVS-activated hydroxypro-
pyl-starch was determined to be 1026 and 2568 pmoles of vinyl groups
per gram of hydroxypropyl-starch, respectively.

Upon carrying out an analogous activation procedure at a pH of 11.5
instead of 11.0, extensive gelling and precipitation of the activated

product occurred.

EXAMPLE 3

Divinyl sulfone activation of bovine serum albumin

Two grams of bovine serum albumin (98 X pure, Sigma Chemical Company)
was dissolved in 200 ml of 0.25 M dipotassium hydrogen phosphate/-
sodium hydroxide (pH 10.0) at room temperature (20-25°C). 2 ml of

 divinyl sulf ne was added (HOOD!). Gentle stirring was perf rmed with

a magnetic stirrer. Aft r 60 minut s th pH £ the reacti n mixture
was adjusted to 6-7 with 5 M hydrochl ric acid. The solution was th n
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diaiysgd against 4 x 5 1 of 0.1 ¥ sodium chl ride over a period of
two days at r om temperature.

After dialysis the volume of the solution had increased to 215 ml,
corresponding to a final concentration of DVS-activated BSA of
9.3 mg/ml.

Using the previously described procedure, the content of reactive
vinyl groups was determined to be 184 umoles per gram of BSA, cor-
responding to ca. 12 moles of vinyl groups per mole of BSA.

EXAMPLE &

Divinyl sulfone activation of dextran (peak MW 500 ,000). 1'113 influen-
ce of DVS concentration : =

Five separate solutions (A-E) containing uniform concentrations of C
dextran vith a peak molecular weight of 500,000 (Pharmacia, Sweden)

and different concentrations of DVS were prepared so as to give the W
following final concentrations: o

All solutions: 5 ¥ w/v.of dextran; 0.25 M dipotassium hydrogen phos-
phate/sodium hydroxide (pH 11.5); 0.25 mg of sodium borohydride per
nl,

DVS concentrations:

solu:ioh A: 10X v/v

solution B: 5% v/v

solution C: 3% v/v - ’
solution D: 1% v/v

solution E: 0.5 % v/v

The activati n was perf rmed at 25°C for 15 minutes. After activa-
tion, the pH £ the reaction mixtures was adjusted to 7 with 5 M
hydr chl ric acid. All samples wer dialysed th roughly against water

to remove exc sS reagents
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The content of reactive vinyl groups for the various samples of DVS-
activated dextran was determined as described in Example 1. The
results (see the table below) may be expressed as gmoles of vinyl
groups per gram of dextran; they may alternatively, based on the
assumption of an average molecular weight of 500,000 (as further
discussed in the text), be given as moles of vinyl groups per mole of

dextran:

Solution pmoles vinyl groups/ méles vinyl groups/
g dextran mole dextran

A 542 2711

B 414 207

c 234 ' 117

D 179 89.5

E 86 43

EXAMPLE S

Divinyl sulfone activation of dextran (peak MV 500,000). The influen-
ce of DVS concentration at high dextran concentration

Four separate solutions (A-D) containing uniform concentrations
(twice as great as in Example 4) of dextran with a peak molecular
weight of 500,000 (Pharmacia, Sweden) and different concentrations of
DVS were prepared so as to give the following final concentrations:

All solutions: 10 X w/v of dextran; 0.25 M dipotassium hydrogen
phesphate/sodium hydroxide (pH 11.5); 0.25 mg of sodium borohydride

per ml,
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DVS conc ntrati ns:

solution A: 10 X v/v
solution B: 5 2 v/v
solution C: 3 % v/v
5 solutionD: 1 X v/v

The activation was performed at 25°C for 15 minutes. After activa-
tion, the pH of the reaction mixtures was adjusted to 7 with 5 M
hydrochloric acid. All samples were dialysed thoroughly against water

to remove excess reagents.

10  The content of reactive vinyl groups for the various samples of DVS-
activated dextran was determined as described in Example 1. The
Tesults are summarized below:

Solution ' pmoles vinyl groups/ moles vinyl groups/
15 g dextran nole dextran

A 944 472

B 583 292

c 335 168
20 D 194 97

EXAMPLE 6

Divinyl sulfone activation of dextran (peak MW 500,000). The influen-
ce of time at low dextran concentration A

25 Four separate solutions (A-D) containing uniform, low concentratioms
of dextran with a peak molecular weight of 500,000 (Pharmacia, Swe-
den) and DVS were prepared so as to give the following final con-

centrations:
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All solutions: 1 X w/v £ dextran; 0.25 M dipotassium hydrogen phos-
phate/s dium hydroxid (pH 11.5); 0.25 mg of sodium b rohydride per
ml,

DVS concentrations:

solution A: 5 X v/v
solution B: 5 X v/v
solution C: 10 X v/v
solution D: 10 X v/v

For solutions A and C, activation was allowed to proceed for 30
minutes. In the case of solutions B and D, activation was allowed to
proceed for 60 minutes. The activation was performed at 25°C, and
after activation the pH of each solution was adjusted to 7 with 5 M

hydrochloric acid.

Results: With solution B, precipitation of a solid gel occurred in
the activation vessel after 50 minutes of reaction. With solutien D,
precipitation of a solid gel occurred after 40 minutes of reaction.
The reaction mixtures from these two solutions were therefore dis-

carded.

The solutions obtained with A and C were dialysed thoroughly against

water to remove excess reagents.

The content of reactive vinyl groups for the two samples of DVS-
activated dextran was determined as described in Example 1. The
results are summarized below:

Solution pmoles vinyl groups/ moles vinyl groups/

g dextran mole dextran
A 1500 750

c 2760 1380
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~ Conditions for DVS activation: 5 I w/v of the appropriate dextran; o2

~ 0.25 mg of sodium borohydride per ml; 5 X v/v of divinyl sulfone. s
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EXAMPLE 7

Divinyl sulfone activation of dextrans with different peak molecular
weights between 100,000 and 500,000

Four dextrans (Pharmacosmos, Demmark: designated here as D1-D4) with
different specified peak molecular weights (see below) were activated
with divinyl sulfone under uniform conditions.

Dextran Peak MW of dextran
13 123,600
D2 196,300
D3 ' 276,500
D4 401,300

0.25 M dipotassium hydrogen phosphate/sodium hydroxide (pH 11.5);

Activation was performed at room temperature for 15 minutes. The pH
of each reaction mixture was then adjusted to 7 with 5 M hydrochloric

- acid, after which the samples were dialyzed-thoroughly against water.

‘The content of reactive vinyl groups in the samples of DVS-activated

dextrans was determined as described in Example 1. The results are
summarized below:

Dextran pmoles vinyl groups/ moles vinyl groups/
g dextran mole dextran

D1 861 106

D2 735 144

D3 780 216

D4 734 295
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EXAMPLE 8
Divinyl sulfone activation of dextran with peak M¥ 2,000,000

One gram of dextran with peak MW 2,000,000 (Pharmacia, Sweden) was
dissolved in 50 nl of water at room temperature (20-25°C), #nd to the
solution was added 50 ml of 0.5 M dipotassium hydrogen phosphate/-
sodium hydroxide (pH 11.5) and 25 mg of sodium borohydride. 1 ml of
divinyl sulfone was added and the mixture was stirred gently with a
magnetic stirrer for 30 minutes. The pH of the reaction mixture was
then adjusted to 6-7 with 5 M hydrochloric acid, after which the
solution was dialyzed against 4 x 5 1 of water over a period of two
days at room temperature.

The content of reactive vinyl groups was determined, using the titra-
tion procedixre described in Example i, to be 567 ;moles per gram of
dextran, corresponding to 1134 moles of vinyl groups per mole of
dextran having an average MW of 2,000,000.

EXAMPLE 9

Divinyl sulfone activation of dextran with peak MW 20,000

50 grams of dextran with peak MW 20,000 (Sigma Chemical Company) was
dissolved in 450 ml of water at room temperature (20-25°C), and to
the solution was added 450 ml of 0.5 M dipotassium hydrogen phos-
phate/sodium hydroxide (pH 11.5) and 250 mg of sodium borohydride.
100 ml of divinyl sulfone was added and the mixture was stirred
gently with a magnetic stirrer for 15 minutes. The pH of the reaction
mixture was then adjusted to 6-7 with 5 M hydrochloric acid, after
which the solution was dialyzed against water to remove excess rea-

gents.

The content of reactive vinyl groups was determined, using the titra-
tion procedur described in Example 1, t be 1230 umoles per gram £
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dext;rqn,_ corresponding to about 25 moles of vimyl gr ups per mole of
dextran having an averag MW £ 20,000.

EXAMPLE 10
Stability of DVS-activated dextran

Dexfran with a peak MW of 500,000 (Pharmacia, Sweden) was activated
with divinyl sulfone as deseribed for solution B in Example 4 (i.e.
using 5 % w/v of dextran and 5 % V/v of DVS). The resulting DVS-
activated dextran was found to contain 475 umoles of vinyl.groups per ‘
gram of dextran.

To the activated dextran solution (35 mg of dextran per ml) was added
0.01 2 w/v of 1,1,1-trichloro-2-methyl-2-propanol (Sigma, cat. No.

T 5138) as a preservative, and four samples of the resulting solution -
were incubated in the dark in sealed containers at different temp- =

eratures as follows:

Solution sample Temperature (°C)
A -20
B 4
C 20
D 30

The content of reactive vinyl groups was determined after 3 months of
incubation, and the results are summarized below:

Solution sample pmoles vinyl groups/g dextran

A 420 i (
B 415

c 415

D 405
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It is apparent that the c ntent of reactive vinyl groups has not
decreased appreciably after 3 months, and that this remarkable stab-
ility persists even at temperatures as relatively high as 30°C.

EXAMPLE 11

Covalent coupling of horseradish peroxidase to DVS-activated dextran
(peak MW 500,000) at high temperature

Dextran of peak MW 500,000 was activated with DVS as described for
"Solution B" in Example 4 (i.e. using 5 % w/v of dextran and 5 % v/v
of DVS). The activated dextran had a content of 490 pnbles of reac-
tive vinyl groups per gram of dextran. The final concentrationm of
DVS-activated dextran was 26 mg/ml. This batch of DVS-activated
dextran solution is hereafter referred to as "batch Dex-I".

The procedure for coupling horseradish peroxidase was as follows:

3 ml of DVS-activated dextran solution ("batch Dex-I") were mixed
with a solution of 300 mg of horseradish peroxidase (Kem-En-Tec,
Copenhagen, Demmark) in 12 ml of water. To the mixture was then added
15 ml of 0.4 M dipotassium hydrogen phosphate/sodium hydroxide (pH
10.4). The clear solution was incubated at 37°C without stirring.

Samples were withdrawn after various periods of time, and the cou-
pling efficiency, i.e. percentage of the originally added horseradish
peroxidase coupled to the activated dextran, was determined by gel
filtration on Sephacryl™ S-200 (Pharmacia, Sweden). The coupling
reaction was stopped after 4 hours of incubation by lovering' the pH
to 7 by addition of 1 M hydrochloric acid.

The coupling results are summarized in Fig. 1. From the relative
areas of the peaks, the following coupling efficiencies as a function
of incubation time were determined:
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Incubati n time (h urs) Coupling efficiency (%)
1 12
2 25
3 39
4 50

These results may be recalculated to give the average number of
peroxidase molecules coupled to the dextran, assuming an average
molecular weight of 500,000 for the dextran and 40,000 for the per-
oxidase (as further discussed in the text):

ISV I S .

Incubation time (hours) moles HRP/mole dextran
5.8
12
19
24
EXAMPLE 12

Covalent coixpl!.ng of horseradish peroxidase to DVS-activated dextran

(peak MW 500,000) at low temperature

The coupling procedure was as follows: 3 ml (containing 78 mg of DVS-

activated dextran in solution) of "batch Dex-I" (see Example 11) were
mixed with a solution of 300 mg of horseradish peroxidase (Kem-En-
Tec, Copenhagen, Denmark) in 12 ml of water. To the mixture was then
added 15 ml of 0.4 M dipotassium hydrogen phosphate/sodium hydroxide
(pH 10.4). The clear solution vas incubated at 4°C without stirring.

Samples were withdrawn after various periods f time, and the c u-
pling efficiency was deternined by gel filtration on Séphacryl" §-200
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(Pharmacia, Sweden) in the same way as described in Example 11i. The
coupling r action was st pped after 192 h urs of incubation by lower-
ing the pH to 7 by addition of 1 M hydrochloric acid. The coupling

results were as follows:

Incubation Coupling moles HRP/mole dextran
time (hours) efficiency (X)
5 14 6.7
24 24 12
48 34 16
192 40 19
EXAMPLE 13

Covalent coupling of horseradish peroxidase to DVS-activated dextrans
with different degrees of activation '

Horseradish peroxidase was coupled to the seven DVS-activated dextran
preparations produced as described in Examples 4 and 6 (i.e. A-E of
Example 4, and A and C of Example 6). The coupling procedure was as

follows:

All seven dextran preparations were mixed with horseradish peroxidase

. and buffer to give the following final concentratiomns: 2.75 mg of

DVS-activated dextran per ml; 10 mg horseradish peroxidase per inl;
0.2 ¥ dipotassium hydrogen phosphate/sodium hydroxide (pH 10.0).

Coupling was performed at 37°C for 16 hours, after which the reaction
was stopped by adjusting the pH of the solution to 6-7 by addition of
1 M hydrochloric acid. Coupling efficiency was determined by gel
filtration on Sephacryl™ $-200 (Pharmacia, Sweden) in the same way as
described in Example 11, and the r sults w re as f llows:
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pmoles vinyl groups/ Coupling moles HRP/m le dextran
g dextran efficiency (X) ‘
2760 71 32
1500 62 28

542 _ T 48 22

414 40 18

234 26 12

179 19 8.6

86 15 6.8

EXAMPLE 14

Covalent coupling of horseradish peroxidase to DVS-activated dextrans
with peak MW's between 100,000 and 2,000,000

Five dextrans (Pharmacosmos, Demnmark) with different peak MW’'s bet-
ween 100,000 and 2,000,000 and activated with divinyl sulfone accord-
ing to Examples 7 and 8 were coupled with horseradish peroxidase.

The procedure for coupling horseradish peroxidase was as follows:

400 mg of horseradish peroxidase (Rem-En-Teéc, Copenhagen, Denmark)
and 100 mg of DVS-activated dextran were dissolved in buffer to give
the following final comcentrations:

10 mg of horseradish peroxidase/ml;
2,5 mg of DVS-activated dextran/ml;
0.2 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.6).

Incubation was performed at 4°C for 48 hours, followed by gel filtra-
ti n n Sephacryl™ S-200 t determine the amount of per xidase coupl-
ed t th dextrans. The results are expressed as the average number

of h rseradish per xidase molecules attached to ne molecule of dex-
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tran with an average MW corresponding t the peak MW of th dextran
(mole HRP/mole dextran):

peak MW of dextran coupling yield
moles HRP/mole dextran

A 123,600 3.7
B 196,300 6.0
c 276,500 8.0
D 401,300 ‘ 12

E 2,000,000 32
EXAMPLE 15

Covalent coupling of horseradish peroxidase to DVS-activated bydroxy-
ethyl-cellulose '

Purified horseradish peroxidase was covalently coupled to DVS-ac-
tivated hydroxyethyl-cellulose with 818 imoles of reactive vinyl
sulfone groups per gram of hydroxyethyl-cellulose (prepared as des-
cribed in Example 1). The coupling was performed at 4°C.

The procedure for coupling horseradish peroxidase was as follows:

100 mg of DVS-activated hydroxyethyl-cellulose (15.2 ml) was mixed
with a solution of 400 mg of horseradish peroxidase (Kem-En-Tec,
Copenhagen, Demmark) in 4.8 ml of water. To the mixture was then
added 20 ml of 0.4 M dipotassium hydrogen phosphate/sodium hydroxide
(pH 10.6). The clear solution was incubated at 4°C without stirring
for 48 hours, after vhich the reaction was stopped by adjusting the
pH of the solution to 6-7 with 1 M hydrochloric acid.

The amount of coupled h rseradish per xidase was determined t be
approx. 37 I of the added horseradish peroxidase.



WO 93/01498 : PCT/DK92/00206

10

15

20

53
EXAMPLE 16

Covalent coupling of horseradish peroxidase to DVS-activated hydroxy -
propyl-starch

Purified horseradish peroxidase was covalently coupled to DVS-ac-
tivated hy&roxypropyl-starch with 2568 umoles of reactive vinyl
sulfone groups per gram of hydroxypropyl-starch (prepared as des-
cribed in Example 2). The coupling was performed at 4°C,

The procedure for coupling horseradish peroxidase was as follows:

100 ng of DVS-activated hydroxypropyl-starch (15.6 ml of solution)
was mixed with a solution of 400 mg of horseradish peroxidase in 4.4
ml of water. To the mixture was then added 20 ml of 0.4 M dipotassium
hydrogen phosphate/sodium hydroxide (pH 10.6).

The 'clear solution was incubated at 4°C without stirring. Samples
vwere withdrawn after 24 and 44 hours of incubation, and coupling

yield was determined by gel filtration om Sephacryl™ §-200.

The amount of coupled horseradish peroxidase was determined to be
approx. 20 X of the added horseradish peroxidase after 24 hours of
coupling and approx. 30 % after 44 hours of coupling.

EXAMPLE 17

Covalent coupling of a peptide to DVS-activated bovine serum albumin
A synthetic peptide containing thirteen amino acid residues including
a C-terminal cysteine was covalently coupled to DVS-activated bovine

serum albumin.

The procedur £ r coupling the synthetic peptide was as follows:
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0.5 ml ‘of DVS-activated bovine serum albumin solution (pfepared as
described in Example 3) was mixed with 1 ml of peptide s luti n (7
mg/ml in 0.1 M sodium chloride) and 0.5 ml of 3.0 M dipotassium
hydrogen phosphate (pH 8.5). The coupling mixture was incubated for
18 hours at room temperature without stirring. '

Coupling yield was determined by gel filtration on 8 % agarose gel
(BioGel A-0.5m, BioRad), and the results were as follows:

According to the gel filtration profile, 18 X of the added peptide
was coupled to the DVS-activated bovine serum albumin. This cor-

responds to approx. 12 moles of peptide per mole of DVS-activated
BSA. This was in good agreement with the measured activicy of DVS-

activated BSA (see Example 3).

EXAMPLE 18

Covalent coupling of a peptide to DVS-activated dextran with peak
MW 500,000

A synthetic peptide (the same as described in Example 17) containing
thirteen amino acid residues including a C-terminal cysteine was
covalently coupled to DVS-activated dextran of peak MW 500,000 with
490 pmoles of vinyl groups per gram of dextran (®"batch Dex-I"; see
Example 11). ‘

The procedure for coupling the synthetic peptide was as follows:

0.5 ml of solution of the DVS-activated dextran (26 mg/ml) was mixed
with 1 ml of peptide solution (3.5 mg/ml in 0.1 M sodium chloride)
and 0.5 ml of 3.0 M dipotassium hydrogen phosphate (pH 8.5). The
coupling mixture was incubated for 18 hours at room temperature
without stirring. '

Coupling yield was determined by gel filtrati n on 8 X agarose gel
(Bi Gel A-0.5m, BioRad), and the results were as follows:
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Acc rding to the gel-filtration profile, approx. 98 ¥ £ the added
p ptide vas coupled to the DVS-activated dextran. This corresponds t
approx. 88 moles of peptide per mole of DVS-activated dextran.

EXAMPLE 19

Covalent coupling of alkaline phosphatase (AP) to DVS-activated
dextran with peak MW 500,000 at high temperature

Purified alkaline phosphatase (Boehringer Mannheim, grade I, cat. No.
556602) was covalently coupled to DVS-activated dextran of peak MW
500,000. The DVS-activation was performed as described in Example 6,
solution A (1 X w/v dextran, 5 X v/v divinyl sulfone), and the DVS-
activated dextran contained 1500 umoles of reactive vinyl groups per
graim of dextran. The final concentration of DVS-activated dextran was
8 mg/ml. This batch of DVS-activated dextran is hereafter referred
to as "batch Dex-II".

The procedure for coupling alkaline phosphatase was as follows: 0.03
ml of DVS-activated dextran (“batch Dex-II") was mixed with 0.2 ml of
alkaline phosphatase solution (10 mg/ml), 0.16 ml of 2.0 M di-
potassiun hydrogen phosphate (pH 9.5) and 0.01 ml of water. The clear
solution was incubated at 37°C without sti.rring

Samples were withdrawn after different periods of incubation, and the
percentage of the added alkaline phosphatase coupled to the dextran
vas determined by gel filtration on Sephacryl™ S-300 HR (Pharmacia,
Sweden). The results were as follows:

From the rel.ative area of the peaks, the following coupling efficien-
cies as a function of incubation time were determined [the results
are given as percentage of the added alkaline phosphatase (AP) coup-
led, and calculated as moles of AP coupled per mole of dextran assum-
ing a MW £ 140,000 £ r AP and an average MW of 500,000 for the
dextran}:
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Incubation time coupling yield moles AP/m le
(%) dextran
2 hours 24 7.2
4 hours 31 9.2
6 hours 39 12
~ 24 hours 51 15
EXAMPLE 20

Covalent coupling of alkaline phosphatase to DVS-activated dextran.
The influence of salt concentration '

Alkaline phosphatase was coupled to DVS-activated dextran of peak MW

500,000 ("batch Dex-II"; see Example 19) at four different salt

concentrations.

The procedure for coupling the alkaline phosph#tase was as follows:
Four different solutions (A-D) for coupling of alksline phosphatase
to DVS-activated dextran were prepared to give the following final

concentrations:

All solutions contained:

5 mg of alkaline phosphatase/ml;

0.7 mg of DVS-activated dextran/ml; ‘
dipotassium hydrogen phosphate/hydrochloric acid (pH 9.0).

The concentrations of dipotassium hydrogen phosphate were:

solution A: 0.10 M
soluti n B: 0.25 ¥
solution C: 0.50 M

‘solut:i n D: 0.80 M
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The ¢ upling was performed at 24°C £ r 24 hours. The am unt of coup-
led alkaline phosphatase was determined by gel filtrati n on Seph-
acryl™ $-300 HR. Th r sults wer as f llows:

Solution coupling yield moles AP/mole
x) dextran

A 0.8

B 1.3

c 11 2.8

D 24 6.1

EXAMPLE 21

Covalent coupling of alkaline phosphatase to DVS-activated dextran.

. The influence of pH

Alkaline phosphatase was covalently coupled to DVS-activated dextran
of peak MV 500,000 with 1500 smoles of vinyl groups per gram of
dextran ("batch Dex-1I"). The coupling was performed at three dif-
ferent pH's.

The procedure for coupling alkaline phosphatase was as follows: Three
dipotassium hydrogen phosphate buffers (A-C) for coupling alkaline
phosphatase to DVS-activated dextran were prepared to give the fol-
lowing concentrations:

All solutions contained:
5 mg of alkaline phosphatase/ml;

0.6 mg of DVS-activated dextran/ml;
0.5 M dipotassium hydrogen phosphate.
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Th pR-of the phosphate buffers were:

solution A: pH 8.4
solution B: pH 9.5
solution C: pH 10.0

The clear solutions were incubated at 37°C for 24 hours without

stirring.

The percentage of the added alkaline phosphatase coupled to the
dextran was determined by gel filtration on Sephacryl™ S-300 HR, and

the results were as follows:

Solution coupling yield moles AP/mole
' (%) dextran

A | 10 3

B 45 13

C 79 24

EXAMPLE 22

Covalent coupling of alkaline phosphatase to DVS-activated dextran.
The influence of temperature

Purified alkaline phosphatase was coupled to DVS-activated dextran of
peak MW 500,000 with 1500 pmoles of vinyl groups per gran of dextran
("batch Dex-II").

The procedure for coupling alkaline phosphatase was as follows:
Alkaline phosphatase was coupled to DVS-activated dextran at three
different temperatures (s luti ns A-C). The f llowing conc ntrations
and incubati n times were used:
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All soluti ns contained:
5 mg of alkaline phosphatas /ml;
0.6 mg of DVS-activated dextran/ml;

0.5 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.0).

The following temperatures were employed:

solution A: 4°C
solution B: 24°C
solution C: 37°C

Solution A was incubated for 24 hours, and soluﬁions B and C were
incubated for 4 hours. '

The amount of coupled alkaline phospha_tase was determined by gei
filtration on Sephacryl™ $-300 HR, and the results were as follows:

Solution coupling yield moles AP/mole
(%) dextran

A ’ 20 6.0

B ' 23 6.8

o 47 14

EXAMPLIE 23

Covalent coupling of alkaline phosphatase to DVS-activated dextrans
with different degrees of activation

Alkaline phosphatase was covalently coupled to three activated dex-
tran preparations produced as described in Example 4 (solution B)
and Example 6 (solution A and C) (the degrees f DVS-activation were
414 upmoles, 1500 pmoles and 2760 um les £ vinyl sulfone groups per
gram of dextran, resp ctively),
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The procedure for coupling alkaline phosphatase was as follows: The
three dextran preparations were mixed with alkaline phosphatase and
buffer to give the following final concentratioms:

5 mg of alkaline phosphatase/ml;

0.6 mg of DVS-activated dextran/ml

and |

A and B: 0.8 M dipotassium hydrogen phosphate (pH 9.5);
C: 0.5 M dipotassium hydrogen phosphate (pH 9.5).

The coupling was performed at 37°C for 2 and 24 hours, respectively.

The amount of alkaline phosphatase coupled was determined by gel
filtration on Sephacryl™ S§-300 HR, and the results were as follows:

Solution . umoles vinyl - coupling yield (%)
groups/gram
dextran - 2 hours 24 hours
A 414 15 33
B 1500 24 S1
c 2760 12 -*

*when solution C was incubated for 24 hours, a gel precipitated in

the reaction vessel.

EXAMPLE 24

Covalent coupling of an antibody to DVS-activated dextran at dif-

ferent pH’s

Purified goat anti mous Ig (DAKO A/S, Demmark, cat. No. 2420) was
coupled to DVS-activated dextran of peak MW 500,000 containing
1500 umol s vinyl sulfone groups per gram dextran ("batch Dex-II").
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The pr cedure for c upling the Ig was as follows: Tw dipotassium
hydr gen phosphat buffers (A and B) f r coupling goat anti mouse 1g
to DVS-activated dextran were prepared to give the following concen-
trations:

All solutions contained:

6.9 mg of goat anti mouse Ig/ml;

0.9 ng of DVS-activated dextran/ml;
0.5 M dipotassium hydrogen phosphate.

The pH of the buffers were:

solution A: PR 8.4
solution B: pH 9.5

The clear solutions were incubated at 24°C for 24 hours.

The percentage of added goat anti mouse Ig coupled was determined by
gel filtration on a Sephacryl" 5. 300 HR, and the results were as

follows:

Solution coupling yield (%)
A 18

B _*

*pracipit:ation occurred in the reaction vessel.

RN
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EXAMPLE 25

Covalent coupling of an antibody to DVS-activated dextran at high and

low temperature

Goat anti mouse Ig (DAKO A/S, Demmark, cat. No. Z420) was covalently
coupled to DVS-activated dextran of peak MW of 500,000 ("batch Dex-

II") at two different temperatures.

The procedure for coupling the Ig was as follows: The goat anti mouse
antibody was incubated at 4°C and 24°C under the following con-

ditions:

Al]l samples (A-C) contained:

6.9 mg of goat anti mouse Ig/ml;

0.9 mg of DVS-activated dextran/ml;

0.5 M dipotassium hydrogen phosphate (pH 9.5).

Sample A and C were incubated for 24 hours, sample B for %48 hours.

The content of coupled antibody was determined by gel filtration on
Sephacryl™ S$-300 HR. From the relative area of the peaks, the follow-
ing coupling efficiencies as a function of temperature were deter-

mined:

Sample temperature coupling yield
(*¢) (2)

A 4 28

B 4 39

c 2 ' -*

*precipitati n of a gel occurred in the sample at 24°C.
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EXAMPLE 26

Covalent coupling of rabbit immmoglobulin to DVS-activated dextran
(peak MW 500,000) at high temperature

Normal rabbit immunoglobulin (DAKO A/S, Denmark, cat. No. X903) was
coupled to DVS-activated dextran of peak MW 500,000 (*batch Dex-II")
at high temperature.

The procedure for coupling the rabbit immunoglobulin was as follows:
1 ml of rabbit immunoglobulin preparation (20 mg/ml) was mixed with
0.32 ml of DVS-activated dextran and 0.44 ml of 2.0 M dipotassium
hydrogen phosphate (pH 9.5). '

The clear solution was incubated at 24°C without stirring.

Samples were withdrawn after different periods of incubation, and the
percentage of added normal rabbit immmoglobulin coupled to the
dextran was determined by gel filtration on Sephacryl™ S-300 HR. The

results were as follows:

Time of incubation coupling y;leid (%)
S hours 58
*

20 hours -

*precipitation had occurred in the sample after 20 hours.

EXAMPLE 27
Covalent coupling of ammonia to DVS-activated dextran
Amronia was covalently coupl d to DVS-activated dextran of peak MW

500,000. The activation was perfomed_ as described in Example 4,
soluti n E (5 ¥ w/v dextran, 0.5 I v/v divinyl sulf ne), and the DVS-

.



WO 93/01498 6 PCT/DK92/00206
4

activated dextran contained 86 umol s of vinyl groups per gram of
dextran. The final concentration of DVS-activated dextran was
22 mg/ml. This batch is hereafter referred to as " batch Dex-III ".

The procedure for coupling ammonia was as follows: In a well vanti-

5 1lated hood, 50 ml of concentrated ammonia in water was added to 50 ml
of DVS-activated dextran. The solution was heated to 60°C and
maintained at that temperature for 2 hours. The solution was then
dialysed thoroughly against 4 x 5 liters of 0.5 M sodium chloride
over two days at room temperature.

10 After dialysis the volume had increased to 73 ml and the final conm-
centration of dextran was therefore 15.1 mg/ml. -

The content of amino groups coupled to the DVS-activated dextran was

determined by acid-base titration to be approx. 80 umoles per gram
of dextran. The product is referred to in the following as "amino-

15 dextran".

EXAMPLE 28

Covalent coupling of fluoresceinisothiocyanate (FITC) to amino-

dextran

Fluoresceinisothiocyanate (Sigma, F-7250) was coupled to amino-
20 dextran derived from dextran of peak MW 500,000. The amino-dextran

(in solution) was prepared as described in Example 27.

The procedure for coupling fluoresceinisothiocyanate was as follows:

10 ml of amino-dextran solution were dialysed overnight against

2 liters of 0.1 M sodium carbonate/bicarbonate (pH 9.5). After dia- '
25 1ysis the volume was 9.5 ml and the final concentration of the dex-

tran was 15.8 mg/ml.

30 mg of f].uorescei.nisothiocyana'te was dissolved in dimethyl
sulfoxide to a concentration of 10.0 mg/ml; 2.4 ml £ this s lution
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was added dropwise to 9.5 ml of the latter amino-dextran s lution
with stirring.

The reaction was allowed to proceed for 1.5 hours at room temp-
erature, shielded from light.

After conjugation (coupling), unreacted or hydrolysed dye was removed

by gel filtration on Sephadex™ G 25 (Pharmacia, Sweden) .

The resulting solution was then dialysed against 0.1 M dipotassium
hydrogen phosphate (pH 7.2). After dialysis the volume was 23 ml and
the final concentration of dextran was therefore 6.6 mg/ml.

The amount of fluoresceinisothiocyanate coupled to the amino-dextran
was determined by absorbance measurements at 495 rm and 280 nm to be
68 moles of FITC per mole of dextran. The product is referred to in
the following as "fluorescein-dextran".

EXAMPLE 29
DVS-activation of fluorescein-dextran

Fluorescein-dextran derived from dextran of peak MW 500,000 was
reactivated (i.e. DVS-activated) with divinyl sulfone. The fluore-
scein-dextran (in solution) was prepared as described in Example 28.

The reactivation Procedure was as follows: 10 nl of fluorescein-
dextran solution was mixed with 10 ml of 0.5 M dipotassium hydrogen
rhosphate/sodium hydfoxide (pH 11.5) and 5 mg of sodium borohydride
at room temperature. B

.Imedi.ately after dissolution of the sodium borohydride, 1 ml of

divinyl sulfone was added (in a well ventilated hood).

Gentl stirring was performed with a magnetic stirrer. After 60
minutes the pH of the mixture was adjusted to 6-7 with 5 M hydro-
chloric acid to st p the reacti n.

i
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The s lution was then dialysed against 4 x 2 liters of 0.5 M sodium
chloride, shielded from light.

After dialysis the volume had increased to 26 ml, and the final con-
centration of the DVS-activated fluorescein-dextran was therefore
2.5 mg/ml.

The content of reactive vinyl groups was determined by reaction with
sodium thiosulfate followed by titration of the resulting hydroxide
ions with standard hydrochloric acid (see Example 1).

The titration results indicated that the DVS-activated fluorescein-
dextran contained 1080 pmoles of reactive vinyl groups per gram of
dextran.

EXAMPLE 30

Covalent coupling of an antibody to DVS-activated fluorescein-dextran

Affinity-purified rabbit anti prostate-specific antigen antibodies
(rabbit anti PSA) (DAKO A/S, Denmark, cat. No. A562) were coupled to
reactivated fluorescein-dextran prepared as described in Example 29.
The DVS-activated fluorescein-dextran contained 1080 imoles of vinyl
groups per gram of dextran and 35 moles of fluorescein per mole

dextran.

The procedure for coupling rabbit anti prostate specific antigen
antibodies was as follows: 1 ml of the solution of reactivated fluor-
escein-dextran was mixed with 18 ml of rabbit anti PSA preparation,
after which 2.5 M dipotassium hydrogen phosphate/sodium hydroxide (pH
10.0) was added to give a final concentration of 0.7 M phosphate, pH

10.0.

The clear solution was incubated at 37°C without stirring for 24

h urs.
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The ¢ nt nt of ¢ upled rabbit anti PSA was det rmined by gel filtra-
ti n n Sephacryl™ S-300 to be approx. 20 X f the added amount,
corresp nding t approx. 4 m les of antib dy per mole of dextran.

EXAMPLE 31
Covalent coupling of avidin to DVS-activated dextran

Avidin from hens egg white ( Kem-En-Tec, Demmark) was coupled to DVS-
activated dextran with peak MW 500,000 (*batch Dex-I").

The procedure for coupling avidin wvas as follows: Avidin was mixed
with the solution of DVS-activated dextran to give the following
final concentrations: :

3.0 mg of avidin/ml;
0.77 mg of DVS-activated dextran/ml;
0.8 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.1).

The coupling mixture was incubated at 30°C for 20 hours, followed by
titration to pH 7 with 1 M hydrochloric acid and dialysis for 24
hours against 5 liters of 0.1 M sodium chloride.

Gel filtration on Sepharose™ Cl 6B (Pharmacia, Sweden) showed that
45 X of the added avidin was coupled to the DVS-activated dextran.
This corresponds to approx. 14 moles of avidin per mole of dextran
with MW 500,000. ‘

EXAMPLE 32

Covalent céupling of iminodiacetic acid to DVS-activated dextran

Iminodiacetic acid was coupled t DVS-agctivat d dextran £ peak MW
20,000, prepared acc rding to Example 9.
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The coupling procedure was as follows: Imin diacetic acid was mixed
with the s lution of DVS-activated dextran to give the following

final concentrations:

0.5 M iminodiacetic acid,
5 30 mg of DVS-activated dextran/ml.

The mixture was titrated to pH 11.0 with 5 M sodium hydroxide and
incubated at room temperature for 24 hours. After incubation, the
clear solution (127 ml) was dialysed thoroughly against water.

Acid-base titration of the dialysed solution indicated a content of
10 approx. 1150 imoles of iminodiacetic acid per gram of dextran. The
_product is referred to in the following as “"iminodiacetic acid-dex-

tran®.

EXAMPLE 33
DVS activation of iminodiacetic acid-dextran

15 Iminodiacetic acid-dextran prepared according to Example 32 was
reactivated with divinyl sulfone. '

The reactivation procedure was as follows: 50 ml of iminodiacetic

acid-dextran solution (16 mg/ml) was mixed with 50 ml of 0.5 M di-

potassium hydrogen phosphate (pH 11.5), 25 mg of sodium borohydride
20 and 5 ml of divinyl sulfone.

The mixture was incubated at room temperature with stirring for 30
minutes and then titrated to pH 7 with 5 M hydrochloric acid. The
clear solution was then dialysed thoroughly against water.

After dialysis the concentration of DVS-activated iminodiacetic acid-
25 dextran was 5 mg/ml, and reacti n with thiosulphate followed by

hydr chl ric acid titrati n (se Example 1) revealed a c ntent f

1320 smoles £ vinyl groups per gram of dextran.
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EXAMPLE 34

Covalent coupling of bovine gammaglobulins to horseradish peroxidase-
dextran as a function of salt concentration

Bovine gammaglobulins (99 X pure, Sigma, cat. No. G-5009) were coup-

5 led to remaining reactive vinyl sulfone groups of horseradish per-
oxidase-dextran prepared according to Example 12, using 192 hours of
incubation.

The horseradish peroxidase-dextran used contained an averaée of
19 moles of horseradish peroxidase per mole of dextran of peak MW

10 500,000 and was purified to remove free horseradish peroxidase by gel
filtration on 8 % agarose gel (BioGel A-0.5m, BioRad). The con-
centration of horseradish peroxidase-dextran was calculated to be
5.8 mg/ml, corresponding to 3.5 mg of horseradish peroxidase/ml and
2.3 ng of dextran/ml. The product was dissolved in 0.1 M sodium

15 chleride containing 0.01 X w/v of 1,1,1-trichloro-2-methyl-2-propanol
(Sigma, cat. No. T 5138).

- This batch of horseradish peroxidase-dextran is hereafter referred
to as "batch HRP-Dex-I".

The coupling of bovine gammaglobulins was performed at different
20 concentrations of dipotassium hydrogen phosphate to examine the
effect of a lyotropic salt on the coupling efficiency.

The procedure for coupling bovine gammaglobulins was as follows:

Bovine gammaglobulin and horseradish peroxidase-dextran were mixed to
give the following final concentrations: '

25 7.88 mg of bovine gammaglobulin/ml;
2.57 mg £ h rseradish peroxidase-dextran/ml ( orr sponding to
1.02 mg £ dextran/ml);
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and the following phosphate conc ntrations (as dipotassium hydrogen
phosphat /sodium hydroxide, pH 10.1):

sample A: 0.10 M
sample B: 0.20 M
sample C: 0.35 M
sample D: 0.50 M
sample E: 0.70 M
sample F: 0.90 M

The samples were incubated at room temperature for 20 hours. Fol-

lowing incubation, pH was adjusted to 7 with 1 M hydrochloric acid.

The degree of coupling (coupling efficiency) in the various samples
was then determined by gel filtration on Sepharose™ Cl 6B. Coupling
efficiency was estimated from the change in the integrated UV-absorb-

ance in the fractions containing the free and dextran-coupled prot-

ein, as well as by measuring the change in absorbance of the horse-
radish peroxidase-dextran at 280 nm and 403 mm before and after
coupling. The following results were obtained:

Sample phosphate

X gammaglobulin

moles gammaglobulin/

conc. coupled mole dextran
A 0.10 M 18 approx. 4.5
B 0.20 M 20 approx. 5.0
Cc 0.35 M - 19 approx. 5.0
D 0.50 M 24 approx. 6.0
E 0.70 M 30 approx. 7.5
F 0.90 M -* -

*at 0.9 M phosphate the protein conjugate precipitated irreversibly.
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EXAMPLE 35

Covalent coupling of bovine gammaglobulin as a measure of retention
of reactivity of horseradish peroxidase-dextran vinyi sulfone groups

The long-tern stability of the remaining vinyl sulfone groups on

5 horseradish peroxidase-dextran prepared according to Example 12 was
investigated by measuring the coupling capacity of horseradish perox-
idase-dextran before and after incubation for 12 weeks at different
temperatures.

The coupling efficiency for coupling of bovine gammaglobulins to

10 horseradish peroxidase-dextran ("batch HRP-‘Dex I*) was determined
using coupling conditions as described for sample D in Example 34, .
The coupling efficiency was determined by gel filtration as described
in Example 34 before and after incubation of the horseradish peroxid- :
ase-dextran at -20, +4, +20 and +30°C. i

=]

15, The coupling yield obtained before incubation is arbitrarily defined
as 100 X, and the results obtained after 12 weeks are expressed rela- .

P

tive to this:

Sample incubation temperature relative coupling .
20 °c ‘yield (%)

A -20 110

B +4 . 95

c +20 80
25 D +30 70
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EXAMPLE 36A

Coupling of rabbit anti mouse immunoglobulins to horseradish peroxi -

dase-dextran. The influence of pH

Rabbit anti mouse immunoglobulins (DAKO, Denmark, cat. No. 2259) were
coupled to horseradish peroxidase-dextran at two different pH values.

" The horseradish peroxidase-dextran was prepared as described in

Example 12 (48 hours at 4°C) and contained 16 moles of peroxidase per
mole of dextran.

The coupling procedure was as follows: Two different solutions for
coupling of rabbit anti mouse immunoglobulins to horseradish peroxid-
ase-dextran were prepared to give the following final concentrations:

All solutions contained:

1.9 mg of rabbit anti mouse Ig/ml;

HRP-dextran corresponding to 0.25 mg of dextran/ml;
0.5 M dipotassium hydrogen phosphate titrated with either hydrochlo-

ric acid or sodium hydroxide to:

solution A: pH 8.5
solution B: pH 10.0.

The clear solutions were incubated at 42°C for 20 hours .without
stirring.

The percentage of the added rabbit anti mouse immunoglebulins coupled
to the horseradish peroxidase-dextran was determined by gel filtra-
tion on Sephacryl™ S-300 HR, and the results were as follows:

Solution coupling yield (X) ‘moles RAM/mole dextran

A 15 3.8
B 30 7.5
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EXAMPLE 36B

Coupling of rabbit anti mouse immunoglobulins to horseradish peroxi -
dase-dextran. The influence of temperature

Rabbit anti mouse immunoglobulins (DAKO, Demmark, cat. No. 2259) were
coupled to horseradish peroxidase-dextran. The HRP-dextran was prep-
ared as described in Example 12 (48 hours at 4°C) and contained 16
moles of horseradish peroxidase per mole of dextran.

The coupling procedure was as follows: Two solutions for coupling of
rabbit anti mouse immunoglobulins to horseradish peroxidase-dextran
vere prepared to give the following final concentrations:

All solutions contained:

1.9 mg of rabbit anti mouse Ig/ml;
HRP-dextran corresponding to 0.25 mg of dextran/ml;
0.5 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.0). -

The clear solutions were incubated for 24 hours at:

Solution A: 22°C
Solution B: 42°C.

The content of coupled rabbit anti mouse immmoglobulins was deter-
mined by gel filtration on Sephacryl™ S-300 HR, and the results were

as follows:

Solution coupling yield (X) moles RAM/mole dextran
A 17.5 4.3
B 30.0 7.5
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EXAMPLE 36C

Coupling of rabbit anti mouse immunoglobulins to horseradish peroxi-
dase-dextran. The influence of the concentration of antibody and HRP-

dextran

Rabbit anti mouse immmoglobulins (DAKO, Demmark, cat. No. Z259) were

coupled to horseradish peroxidase-dextran at five different concen-
trations of antibody and HRP-dextran, keeping the molar ratio of
antibody to HRP-dextran constant (A-E). The HRP-dextran was prepared
as described in Example 12 (48 hours at 4 °C) and contained 16 moles
of horseradish peroxidase per mole of dextran.

The coupling procedure was as follows: Five different solutioms (A-E)
for coupling of rabbit anti mouse immunoglobulins to horseradish
peroxidase-dextran were prepared to give the following final con-

centrations:
All solutions contained:
0.5 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.0).

Solution A: 5.7 mg of rabbit anti mouse Ig/ml;
HRP-dextran corresponding to 0.79 mg of dextran/ml.

Solution B: 6.7 mg of rabbit anti mouse Ig/ml;
' HRP-dextran corresponding to 0.92 mg of dextran/ml.

Solution C: 7.0 mg of rabbit anti mouse Ig/ml;
HRP-dextran corresponding to 0.96 mg of dextran/ml.

Solution D: 7.2 nmg of rabbit anti mouse Ig/ml;
HRP-dextran corresponding to 1.00 mg of dextran/ml.

Solution E: 7.6 mg of rabbit anti mouse Ig/ml;
BRP-dextran corresponding to 1.03 mg of dextran/ml.

The clear solutions were incubated at 24°C £ r 20 h urs.

The content of ¢ upled rabbit anti mouse immunoglobulins was deter-

mined by gel filtration on Sephacryl™ S-300 HR.
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Fr m the relativ areas of the peaks th f llowing ¢ upling efficien-
cies as a functi n f antib dy concentrati n were d termined:

Solution coupling yield () moles RAM/mole dextran
A 29 6.7
B 32 7.5
¢ 36 8.5
D 40 ‘ 9.3
- partly precipitated
B precipitated

EXAMPLE 36D

Coupling of rabbit anti mouse immunoglobulins to different DVS-
activated horseradish peroxidase-dextrans .

Rabbit anti mouse immunoglobulins (DAKD, Dermark, cat. No. Z259) were
coupled to five different DVS-activated horseradish peroxidase-dex-
trans prepared as described in Example 13 (1500, 542, 234, 179 and 86
pmoles of vinyl groups per gram of dextran, respectively).

The coupling procedufe was as follows: All five horseradish. per-
oxidase-dextran preparations were mixed with rabbit anti mouse im-
mumoglobulins and buffer to give the following final concentrations:

HRP-dextran corresponding to 0.2 mg of dextran/ml;
1.7 mg of rabbit anti mouse immunoglobulins/ml;

0.5 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.0).

Coupling was performed at 42°C for 20 hours without stirring.
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The cont nt of coupled rabbit anti mouse immunoglobulins was deter-
mined by gel filtration on Sephacryl™ S-300 HR, and the results wer

as follows:

Solution pmoles vinyl moles HRP/ Z RAM moles RAM/

groups/ mole dextran coupled mole dextran
g dextran '

A 1500 28 10 2.7

B 542 22 5 1.4

c 243 12 =1 0.3

D 179 8.6 =1 0.3

E 86 6.8 =1 0.3

EXAMPLE 37a

Coupling of goat anti rabbit Ig to horseradish peroxidase-dextran

Affinity purified goat anti rabbit Ig was coupled to HRP-dextran
("batch HRP-Dex-1"; see Example 34).

Coupling conditionms:

Antibody preparation and HRP-dextran solution were mixed to give the
following final concentrations:

0.5 M dipotassium hydrogen phosphate (pH 10.1)
2.0 ng goat anti rabbit Ig/ml
0.52 mg horseradish peroxidase-dextran/ml (corresponding to 0.21 mg

dextran/ml)
The sample was incubated at 30°C f r 20 hours.

After coupling, glycine was added t the sample to a final c ncen-
tration of 0.2 M glycin , pH 10, and this was followed by incubati n
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~for 2 hours [resulting in deactivati n (blocking) of remaining réac-
tive vinyl sulfone gr ups by reaction thereof with glycine],

After incubation the sample was dialysed overnight at 4°C against
0.05 M Tris/HCl, 0.1 M NaCl, pH 7.2.

The sample was then subjected to gel filtrationm on Sepharose™ CL 6B
in order to separate free antibody and HRP-dextran-bound antibody.

Results :

The coupling yield for goat anti rabbit Ig was determined to be 25 i,
corresponding to 8 moles of goat anti rabbit Ig per mole of dextran
(assuming the peak MW of the dextran to be 500,000 and the MW of the
antibody to be 155,000). The final product thus contains an average
of 8 moles of antibody and 19 moles of horseradish peroxidase per .

mole of dextran.

EXAMPLE 37B

3
4

Coupling of affinity-purified goat anti rabbit Ig together with %,
"normal” goat immunoglobulin to horseradish peroxidase-dextran. Ac-
tivity as a function of conjugate content of active antibody

Affinity-ﬁuzified goat anti rabbit Ig together with "normal" goat

IgG (i.e. immunoglobulins from non-immunized goats) were coupled in
various proportions to HRP-dextran. The purpose of the experiment was
to examine the absorbance signal intensity obtainable (tested in
ELISA) with the final dextran conjugates as a function of the average
mumber of antigen-specific antibody molecules coupled to the dextran.

Coupling conditions:
Affinity-purifi d goat anti rabbit Ig, "normal" g at immumogl bulin

and h rseradish p roxidas -dextran ("batch HRP-Dex-I") were mixed to
giv the £ 11 wing final concentrations:
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Sample affinity purified g at "normal" goat IgG
anti rabbit Ig (mg/ml) (mg/ml)
A 2.0 0
B 1.6 0.4
c 1.2 0.8
D 0.8 1.2
E 0.4 1.6
F 0 2.0
All samples:

0.5 M dipotassium hydrogen phosphate (pH 10.1)
0.55 mg HRP-dextran/ml (corresponding to 0.22 mg dextran/ml).

The sampleé were incubated at 30°C for 20 hours.

After coupling, glycine was added to the samples to a final con-
centration of 0.2 M glycine, pH 10, and this was followed by incub-
ation for 2 hours [resulting in deactivation (blocking) of remaining
reactive vinyl sulfone groups by reaction thereof with glycine}.

After incubation the samples were dialysed overnight at 4°C against
0.05 M Tris/HCl, 0.1 M NaCl, pH 7.2.

The samples were then subjected to gel filtration on Sepharose™ CL 6B
in order to separate the free immunoglobulins and HRP-dextran-bound

immmoglobulins.
Results :

The coupling yield - assuming the same coupling reactivity of the two .
g at immunoglobulin preparations - was determined to be approx. 22 %,
corresponding t an average total f 6.5 moles of g at immmogl bulin
per mole of dextran. Again assuming the same coupling r activity for
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the two types of immun gl bulins, the final average number f moles
of each typ f immunoglobulin per m le of dextran was as follows:

Sample moles affinity-purified goat moles "normal" goat igG/
anti rabbit Ig/mole dextran mole dextran

A 6.5 N 0

B 5.2 | 1.3

c 3.9 2.6

D 2.6 _ 3.9

E 1.3 5.2

F

0 6.5

ELISA results:

The six dextran conjugates were characterized in BLISA (according to
"General ELISA procedure®, three layers).

ELISA conditions:

ist layer:
Goat anti rabbit Ig (1 pg/ml) diluted in dipotassium hydrogen phos-
phate (pH 7.2).

2nd layer:
Rabbit IgG (1 ng/ml) Diluted in 0.1 M dipotassium hydrogen phosphate,
0.5 M NaCl, 1 X Tween™ 20 (pH 7.2).

3rd layer:
Serial dilutions of the six conjugates in 0.1 M dipotassium hydrogen
phosphate, 1 X Tween™ 20 (pH 7.2).

As can be seen from Fig. 2, th r 1is a cl ar relationship between
the mumber of goat anti rabbit antibodies coupl d and the intensity
of the abs rbance signal btained in ELISA. The absence of goat anti
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rabbit antibodies n the dextran results in lack f signal, as ex-
pected.

EXAMPLE 37C

Characterisation of HRP-dextran/goat anti rabbit Ig in ELISA and in
Dot Blots '

Goat anti rabbit Ig coupled to HRP-dextran and subjected to gel
filtration on Sepharose™ CL 6B as described in Example 37A was char-
acterized in ELISA and in Dot Blots. For comparison, a “conventional"
conjugate (HRP-labelled swine anti rabbit Ig; DAKO A/S, Demmark, cat.
No. P217) was subjected to the same procedures.

ELISA (according to "General ELISA procedure”)

ist layer:
Coat anti rabbit Ig (1 pg/ml) in 0.1 M dipotassium hydrogen phosphate

(pH 7.2);

2nd layer:
Rabbit IgG (1 ng/ml) diluted in 0.1 M dipotassium hydrogen phosphate,

1 X Tween™ 20 (pH 7.2);

3rd layer: _

Serial dilution of HRP-dextran/goat anti rabbit Ig or HRP-labelled
swvine anti rabbit Ig (DARO A/S, Demmark, cat. No. P217) in 0.1 M
dipotassium hydrogen phosphate, 1 I Tween™ 20 (pH 7.2).

Results:

As can be seen from Fig. 3, the dextran-based conjugate can be dil-
uted much more than the conventional conjugate and still give rise
to a significant signal, indicating the increased semnsitivity obtain-

able using the conjugate of the inventi n as reagent.

“
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Dot Blots (according to "General procedure for Dot Blot"):
Results:

The HRP-dextran/goat anti rabbit Ig conjugate according to the inveﬁ-
tion gave a 10-fold increase in sensitivity relative to the conven-
tional conjugate (i.e. it could detect a 10 times smaller amount of
rabbit IgG in dots). '

EXAMPLE 38
Coupling of avidin to horseradish peroxidase-dextran

Avidin from hens egg white was coupled to HRP-dextran ("batch HRP-
Dex-I"; see Example 34) at different concentrations and molar ratios
of avidin to HRP-dextran.

Coupling conditions:
The following components were mixed:

(a) avidin 25 mg/ml _

(b) HRP-dextran corresponding to 0.52 mg of dextran/ml
(c) 2 M KoHPO,/NaOH pH 10.0

(d) Water )

All couplings were carried out at a phosphate concentration of
0.82 M. The concentrations of avidin and HRP-dextran are shown in

the following:
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Sample No. Avidin HRP-dextran Molar ratio
ng/ml mg/ml (avidin:HRP-

dextran) in
solution

1 0.3 0.27

2 1.1 0.27

3 4.2 0.27 30

4 17.0 0.27 120

The molar ratio is given as moles of avidin per mole of HRP-dextran
in the coupling solution.

The coupling samples were incubated at 30°C for 20 hours.

After coupling, the samples were dlalysed against water for 2 hours
at room temperature. '

The samples were then subjected to gel filtra.t:ion on Sepharose™ CL-6B
in order to separate free and HRP-dextran-bound avidin.

Results of the couplings:

The content of coupled avidin in the resulting conjugates was found
to increase with increasing molar ratio of avidin to HRP-dextran and
approach a plateau value, there being very little increase above a
molar ratio of 30. The results are shown in the following:
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Sample No. Molar ratio M les avidin coupled/
(avidin:HRP- mole dextran
dextran)

1

2

3 30 11

4 120 12

Test in ELISA

The detection sensitivity obtainable with the peroxidase-daxtran-
/avidin conjugates as a function of the mumber of avidin molecules
incorporated in the conjugates was tested in ELISA.

With reference to the "General ELISA procedure", the following set-up

was used:

layer 1: Goat anti rabbit IgG; 0.025 mg/ml; .

layer 2: Serial dilution of biotinylated rabbit IgG;

layer 3: HRP-dextran/avidin conjugates; each conjugate diluted to
the same protein concentration, i.e. to a absorbance
value at 280 nm (Ajgp) of 0.00063.

ELISA results:

_ Fig. 4 shows the absorbance at 492 mm as a function of the concentra-

tion of biotinylated rabbit IgG in layer 2:

The curves in Fig. 4 show that the detection sensitivity obtainable

with the conjugates increases with the mumber of coupled avidin
molecules. That is, wh n th- number of coupled'avidin molecules is
incr ased, small r amounts of biotinylated rabbit IgG can be detect-
d.
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EXAMPLE 39
Coupling of streptavidin to horseradish peroxidase-dextran
Affinity-purified streptavidin was coupled to HRP-dextran ("batch
HRP-Dex-I"; see Example 34) in media containing different concentra-
tions of dipotassium hydrogen phosphate (pH 10.1).

Coupling conditions:

The following media were eniployed:

i: 0.01 M dipotassium hydrogen phosphate (pH 10.1)
2: 0.80 M - " - . - . -

3: 1.00 M - n - ® - " -
All samples:

4.0 mg streptavidin/ml
4.1 mg HRP-dextran/ml (corresponding to 2.3 mg dextran/ml)

The samples were incubated at 30°C for 20 hours.

After coupling, glycine was added to the samples to a final con-
centration of 0.2 M glycine, pH 10, and this was followed by incub-
ation for 2 hours [resulting in deactivation (blocking) of remaining
reactive vinyl sulfone groups by reaction thereof with glycine}.

After incubation the samples were dialysed overnight at 4°C against
0.05 M Tris/HCl, 0.1 M NaCl, pH 7.2.

The samples were then subjected to gel filtration on Sepharose™ CL 6B
in order to separate the free streptavidin and HRP-dextran-bound

streptavidin.
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Results:

Th coupling yield for streptavidin (assuming the average molecular
weight of the dextran to be 500,000 and the molecular weight of
streptavidin to be 60,000) was determined to be:

i: 162, corresponding to 5 moles of streptavidin/mole of dextran
2: 46%, corresponding to 14 moles of streptavidin/mole of dextran
3: - (precipitation occurred in the reaction vessel after 1 h).

The final products thus contain an average of:

1: 5 moles of streptavidin and 19 moles of peroxidase per mole of

dextran. )

2: 14 moles of streptavidin and 19 moles of pexoxidase per mole
of dextran.

3: -

EXAMPLE 40

Characterisation of HRP-dextran/streptavidin in ELISA and Dot Blot

Streptavidin was coupled to HRP-dextran according to Example 39,
sample 2 (0.8 M KyHPO, ).

After gel filtration on Sepharose™ CL 6B the HRP-dextran-bound strep-
tavidin was characterised in ELISA and Dot Blot.

For comparison, a conventional conjugate of streptavidin and horse-
radish peroxidase (cat. No.: P317, DARO, Denmark) was tested in
parallel.

-~
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ELISA (according to "G neral ELISA procedure”, 2 layers)
ELISA conditions:

layer 1:

Serial dilution of biotin-conjugated rabbit IgG in 0.1 M dipotassium
hydrogen phosphate (pH 7.2).

layer 2:

One dilution of HRP-dextran/streptavidin (0.014 mg/ml) or conven-
tional streptavidin-peroxidase (0.02 mg/ml) (DAKO A/S, Demmark, cat.
No. P397) in 0.1 M dipotassium hydrogen phosphate, 1% Tween™ 20 (pH

7.2).

Results:

As can be seen from Fig. 5, the dextran-based conjugate according to
the invention gives a significantly lower detection limit than the

conventional conjugate.

Dot Blots:

Dot Blot conditions (according to "General procedure for Dot Blot"):
Results:

Using the HRP-dextran/goat anti rabbit Ig conjugate according to the
jnvention it was possible to detect a 10 times smaller amount of
biotinylated rabbit IgG in the dots than with the conventional comn-

jugate.
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EXAMPLE 41
Covalent coupling of an antibody to alkaline pPhosphatase-dextran

Purified rabbit anti mouse Ig (RAM) (DAKO A/S, Denmark, cat. No.
i259) was coupled to three different AP-dextran preparations (alk-
aline phosphatase was coupled to the dextrans as described in Example
22, solutions A and B, and Example 23, solution B).

The procedure for coupling the antibody was as follovs:

the three different AP-dextrans (A-C) prepared for coupling of RAM

were as follows:

A: 6 moles of alkaline phosphatase/mole of dextran;
B: 7 moles of alkaline phosphatase/mole of dextran;
C: 15 moles of alkaline phosphatase/mole of dextran.

The three coupling samples (samples A-C) prepared using these three
AP-dextrans (A-C, respectively) all contained:

1.55 mg of RAM/ml;
AP-dextran corresponding to 0.2 mg of dextran/ml;
0.5 M dipotassium hydrogen phosphate/sodium hydroxide (pH 10.0).

The samples were incubated at 37°C for 24 hLours.

The content of coupled RAM in the resulting conjugates was determined
by gel filtration on Sephacryl™ $-300 HR, and the results were as

follows:
Sample coupling yield (X) . mole RAM/mole dextran
A 44 _ 11

42 ' 10.5
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EXAMPLE 42
Covalent coupling of alkaline phosphatase to antibody-dextran

Three different antibody-dextran preparations were coupled with
alkaline phosphatase. The antibody, viz. goat anti mouse Ig (DAKO
A/S, Demmark, cat. No. 2420), was coupled to DVS-activated dextran as
described in Example 24, solution A, and in Example 25, solutions A
and B.

The procedure for coupling alkaline phosphatase was as follows: Each
of the three different preparations of antibody-dextrans was mixed
with alkaline phosphatase and buffer to give the following final

concentrations:
All samples contained:

2.0 mg of alkaline phosphatase/ml;
antibody-dextran corresponding to 0.29 mg of dextran/ml;
0.8 M dipotassium hydrogen phosphate/hydrochloric acid (pH 9.0).

Sample A: 4.5 moles of goat anti mouse Ig/mole of dextran
Sample B: 7 moles of goat anti mouse Ig/mole of dextran
Sample C: 10 moles of goat anti mouse Ig/moie of dextran

‘The coupling was performed at 24°C for 22 hours with gentle shaking.

The degree of AP coupling was determined by gel filtration on
Sephacryl™ S-300 HR, and the results were as follows:
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Sample ¢ upling yield (X) . m les AP/mole dextran
<10 <2.5
<10 <2.5
*

*precipitat:ion of a gel occurred in sample C..

EXAMPLE 43

Coupling of Fab’ fragments to alkaline phosphatase-dextran. The
influence of salt concentration and temperature

Fab' fragments [a Fab’ fragment is an antibody fragment comprising
one antigen-binding site and one free SH group; such fragment:s are
produced by treating an antibody molecule with pepsin (to form a so-
called F(ab')z- fragment) and then with DIT) prepared from goat anti

_mouse Ig (DAKO A/s_, Denmark, cat. No. Z420) according to A. Johnstone

and R. Thorpe, "Immunochemistry in Practice”, 2nd editionm, 1987, pp.
57-58, were coupled to AP-dextran as described in Example 20, solut-
ion D (24 hours).

The coupling procedure was as follows: A solution for coupling of
goat anti mouse Fab'-fragments to AP-dextran was prepared to give the
following final concentrations:

0.63 mg of goat anti mouse Fab'-fragments/ml;
AP-dextran corresponding to 0.196 mg of dextran/ml;

Samnples A and B: 0.5 M dipotassium hydrogen phoéphat:e/hydtochloric
acid (pH 8.0); | _

Samples C and D: 0.75 M dipotassium hydrogen phosphate/hydrochloric
acid (pH 8.0).

The clear solutions were incubated with gentl shaking £ r 24 hours

at:
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A and C: 24°C,
B and D: 30°cC.

After incubation, the content of coupled goat anti mouse Fab' frag-
ments was determined by gel filtration on Sephacryl™, and the results

were as follows:

Sample coupling yield moles Fab’/
(¢3)] mole dextran

A (0.5 M phosphate, 24°C) 38 13.3

B (0.5 M phosphate, 30°C) 42 14.7

C (0.75M phosphate, 24°C) 50 17.3

D (0.75M phosphate, 30°C) 49 17.2

EXAMPLE 44

Coupling of Fab’ fragments to horseradish peroxidase-dextran. The
influence of pH

Fab’ fiagments prepared from goat anti rabbit F(ab’), fragments
(according to A. Johnstone and R. Thorpe, "Immumochemistry in Prac-
tice"”, 2nd edition, 1987, pp. 57-58) were coupled to HRP-dextran,
produced as described in Example 12 (48 hours), at five different

pH's.

The coupling procedure was as follows: Five different solutions (A-E)
for coupling Fab’ fragments to HRP-dextran were prepared to give the
following final concentrations:

All samples contained:

0.67 mg of goat anti rabbit Fab' fragments/ml:
HRP-dextran corresp nding to 0.29 mg f dextran/ml;
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0.50 M dipotassium hydrogen phosphate/hydrochloric acidA.
The pH values of the dipotassium hydrogen phosphate buffers were:

sample A: pﬁ 5.0
sample B: pH 6.0
sample C: pH 7.0
sanple D: pH 8.0
sample E: pH 9.0

The five clear solutions were incubated at 24°C for 20 hours with
gentle shaking.

The degree of coupling of Fab’ fragments was determined by gel filtr-
ation on Sephacryl™ S-300 HR, and the results were as follows:

Sample coupling yield (%) moles Fab’/mole dextran
A 10 ‘ 2.6

B 22 5.5

c- 52 : 13

D 64 16

E 100 25

EXAMPLE 45

Thiolation of alkaline phosphatase

Alkaline phosphatase (AP) with MW 140,000 (Boehringer Marmheim, cat.
No. 556602, grade 1) was thiolated with N-succinimidyl 3-(2-pyridyl-
dithio)propionate (SPDP) (Pharmacia, Swedem, cat. No. 17-0458-01).

For the pres nt purposes the general pr cedure for thiolation of
proteins first described by Carlsson et al., Biochem. J. (1978) 173
723-737, was further developed as f llows:
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Thiolation procedure:

To 1.0 ml of alkaline phosphatase preparation (10 mg/ml in 3 M NaCl,
1 oM MgCl,, 0.1 mM ZnCly, 30 mM triethanolamine (pH 7.6)] was added
and 28.6 ul of SPDP (10 mM in 99.9% ethanol) (the amount of SPDP
added can be varied and depends on the desired degree of subst-
itution, i.e. number of moles of 2-pyridyl disulphide structures per
mole of AP). The SPDP solution was added dropwise to the stirred AP
solution, and the reaction mixture was then incubated fof about 30
minutes at 24°C.

After the incubation a small sample (50-100 ul) was withdrawn and
subjected to gel filtration on Sephadex™ G-25 with 0.05M Tris/HCL
buffer containing 0.1 M NaCl, 1 mM MgCly and 0.1 mM 2nCl, (pH 7.2),
to remove excess SPDP, liberated N-hydroxysuccinimide and any other
material of low molecular weight.

The gel filtered sample was used to determine the content of 2-pyri-
dyl disulphide structures (=~ the final content of thiol groups) in
the modified AP, and was treated as follows:

The absorbance at 280 nm and 343 mm was measured, after which dithio-
threitol (DTT) was added to a final concentration of 10 mM. After
incubation for 10 minutes at 23°C the absorbance at 343 nm was mea-

sured again.

The treatment with DIT effects the release of pyridine-2-thione,
which has an absorptivity of 8.08 x 103 M-lem ! at 343 mm.

The amount of pyridine-2-thione released is equivalent to the content
of 2-pyridyl disulphide groups in the AP. Since the 2-pyridyl disul-
phide group itself exhibits absorption at 280 mm, an erroneously
high protein concentration will be obtained if calculated on the
basis of the measured abs rbanc at 280 mm (Ajgg). This additionmal
abs rbance can b ¢ rrected for by subtracting the Aygp contribution
of the 2-pyridyl disulphide gr up from the total A2gp- The former
contribution is calculated using the f llowing expression:
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(concentration of pyridine-2-thione released on reduction) x
5.1 x 103 #-lenl = Aygq due to the 2-pyridyl disulphide group
(5.1 x 103 M-lem! is the molar absorptivity at 280 mm for the
2-pyridyl disulphide group).

The content of 2-pyridyl disulphide structures (= the final content
of thiol groups) in the modified AP was determined as described above
for 10 different thiolations of AP, Each sample was treated as de-
scribed above (i.e. 4 moles of SPDP/mole of AP during the incubation)
and a content of 1.85£O.25 moles of 2-pyridyl disulphide/mole of AP
was obtained.

Meanwhile, the rest of the mixture of the 2-pyridyl disulphide mod-
ified AP (not subjected to gel filtration) was treated with DIT in
order to reduce the protein-coupled 2-pyridyl disulphide structures.
This was done in the same way as described above, i.e. DIT was added
to a final c’onceixtration of 10 mM and the mixture was incubated at
20-23°C for about 5-10 minutes. Reduction of the introduced 2-pyridyl
disulphide structures takes place very rapidly (< 1-2 minutes) with
DIT at pH' 7.2, and as the native -S-S- bridges of AP are buried
deeply within the internal structure of AP they will not be reduced
by this treatment.

After reduction, the thiolated AP was separated from material of

low molecular weight by gel filtratiom on Sephadex™ G-25 (using PD-10
coiumns) with the desired coupling buffer and was used shortly there-
after (within an hour) for coupling, since the thiol group is very
reactive and can undergo unwanted reactions. The modified AP must
therefore be stored in the 2-pyridyl disulphide form (if necessary
ovemight: at 4°C in the above mentioned Tris/HCl buffer) and reduced

Just before use.

A content of 1.8510.25 moles of 2-pyridyl disulphide structures/mole
of AP results in no loss of AP activity, and the subsequent reduction
with DIT results in a 1 ss £ nly ab ut 5% of the riginal AP activ-

ity.

&
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EXAMPLE 46

Coupling of Thiolated AP to DVS-activated dextran. The influence of
pPH

Thiolated AP (SH-AP) was coupled to DVS-activated dextran of peak MW
500,000 with 1500 umoles of vinyl groups per gram of dextran ("batch
Dex-II"). The thiolated AP was produced as described in Example 45
and contained a mean of 2.1 moles of SH groups/mole of alkaline phos-
phatase.

The coupling procedure was as follows: Three different solutions
(A-C) for coupling of thiolated AP to DVS-activated dextran were
prepared to give the following final concentrations:

All solutiox_:ls contained:

2.0 mg of thiolated AP/ml;
0.286 mg of DVS-activated dextran/ml;
0.50 M dipotassium hydrogen phosphate/hydrochloric acid;

The pH values of the dipotassium hydrogen phosphate buffers were:

solution A: pH 7.0
solution B: pH 8.0
solution C: pH 8.5.

The clear solutions were incubated at 24°C for 24 hours with gentle

shaking.

The content of coupled thiolated AP wvas determined by gel f£iltration
on Sephacryl™ S-300 HR, and the results were as follows: ‘
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Solution coupling yield moles SH-AP/
(¢3) mole dextran
5 A 39 9.8
B 77 19.2
c 82 20.5

EXAMPLE 47

10 Coupling of thiolated AP to DVS-activated dextran. The influence of
time and temperature

Thiolated AP (SH-AP) was coupled to DVS-activated dextran of peak MW
500,000 with 1500 umoles of vinyl groups per gram of dextran ("batch
. Dex-II"). The thiolated AP was produced as described in Example 45
15 and contained a mean of 2 moles of SH groups/mole of alkaline phosph-
atase.

The coupling procedure was as follows: A solution for coupling of
thiolated AP to DVS-activated dextran was prepared to give the fol-
lowing final concentrationms:

20 1.0 mg of thiolated AP/ml;
0.143 mg of DVS-activated dextran/ml;
0.5 M dipotassium hydrogen phosphate/hydrochloric acid (pH 8.0).

The clear solution was incubated for 4 hours at 24°C with gentle
shaking and then for 144 hours at 4°C without shaking.

25 Samples were withdrawn after different periods of incubation and the
content of coupled SH-alkaline phosphatase was determined by gel
filtration on Sephacryl™ S-300 HR. The results were as follows:
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Hours coupling yield (%) mol s SH-AP/mol dextran
0 0 0
1 1.9
2 12 3.1
4 25 6.3
+144 (4°C) 58 14.4
EXAMPLE 48

Coupling of thiolated AP to DVS-activated dextran. The influence of

salt concentrations

Thiolated AP (SH-AP) was coupled to DVS-activated dextran of peak MW
500,000 with 1500 umoles of vinyl groups per gram of dextran ("batch
Dex-II"). The thiolated AP was produced as described in Example 45
and contained a mean of 1.6 moles of SH groups/mole of alkaline phos-
phatase. |

The coupiing procedure was as follows: Four different solutions (aA-D)
for coupling of thiolated AP to DVS-activated dextran wvere prepared
to give the following final concentrations:

All solutions contained:
2.20 mg of thiolated AP/ml;
0.314 nmg of DVS-activated dextran/ml;

dipotassium hydrogen phosphate/hydrochloric acid (pH 8.0).

The concentrations of dipotassium hydrogen phosphate in the buffers

were:
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s lution A: 0.10 M
s lution B: 0.25 M
solutioen C: 0.50 M
solution D: 0.75 M

The clear solutions were incubated at 24°C for 24 hours with gentle
shaking,

The content of coupled thiolated AP was determined by gel filtration
on Sephacryl™ S-300 HR, and the results were as follows:

Solution coupling yield (%) moles SH-AP/mole dextran
A 57 15.3

B 67 16.7

c 77 19.3

D 78 19.5

EXAMPLE 49

Coupling of thiolated AP to DVS-activated dextran. The influence of -
thiolated AP concentration

Thiolated AP (SH-AP) was coupled to DVS-activated dextran of peak MW
500,000 with 1500 gmoles of vinyl groups per gram of dextran ("batch
Dex-II"). The thiolated AP was produced as described in Example 45
and contained a mean of 1.7 moles of SH groups/mole of alkaline phos-
phatase.

The coupling procedure was as follows: Three different solutions
(A-C) for coupling of thiolated AP to DVS-activated dextran were
prepared t give the f llowing final conc ntrations:

All solutions contained:
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0.50 M 'dipotassium hydrogen phosphate/hydrochloric acid (pH 8.0).

Solution A: 0.90 mg of SH-AP/ml;

0.129 mg of DVS-activated dextran/ml;

Solution B: 1.8 mg of SH-AP/ml;

0.258 mg of DVS-activated dextran/ml;

Solution C: 3.6 mg of SH-AP/ml;

0.516 mg of DVS-activated dextran.

The clear solutions were incubated at 24°C with gentle shaking.
Samples were withdrawn after different periods of incubation and the
content of coupled thiolated AP was determined by gel filtration on

Sephacryl™ S-300 HR. The results were as follows:

Solution 3 hours of incubation

24 hours of incubation

coupling moles SH-AP/ coupling moles SH-AP/
yield mole dextran yield mole dextran
%) x)

A 28 - 7.0 63 15.8

B 45 11.3 78 19.4

c . 63 15.7 86 21.6

EXAMPLE 50

Coupling of thiolated AP to DVS-activated dextran. The influence of

temperature

Thiolated AP (SH-AP) was coupled to DVS-activated dextran of peak MW

500,000 wicth 1500 ;moles of vinyl groups per gram f dextran ("batch
Dex-II"). The thi lated AP was produced as describ d in Exampl 45
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and contained a mean of 1.9 moles of SH groups/m le of alkaline phos-
phatase.

The coupling procedure was as follows: A solution for coupling of
thiolated AP to DVS-activated dextran was prepared to give the fol-

lowing final concentrations:
1.9 mg of SH-AP/ml;
0.271 ng of DVS-activated dextran/ml;

0.50 M dipotassium hydrogen phosphate/hydrochloric acid (pH 8.0).

The clear solution was divided into two samples of equal volume (A

-and B) which were then inéubatqd for 22 hours with gentle shaking at

the following temperatures:

Sample A: 24°C
Sample B: 30°C

The content of coupled thiolated AP was determined by gel filtration
on Sephacryl™ S-300 HR, and the results were as follows:

Sample coupling yield (%) moles SH-AP/mole dextran
A 71 17.7

B 75 ' - 18.7

EXAMPLE 51

Coupling of thiolated AP to DVS-activated dextran. The influence of
the molar ratio between thiolated AP and DVS-activated dextran. High

ratios

Thiolated AP (SH-AP) was c upled to DVS-activated dextran f peak MW

500,000 with 1500 wmoles of vinyl groups per gram of dextran ("batch
Dex-II"). Th thiolated AP was produced as described in Example 45



WO 93/01498 PCT/DK92/00206

10

15

20

25

100

and contained a mean of 1.9 moles of SH groups/inole of alkaline ph s-
phatase. |

The coupling procedure was as follows: Three different solutions
(A-C) for coupling of thiolated AP to activated dextran were prepared
to give the following final concentrations:

All solutions contained:

1.9 mg of SH-AP/ml;
0.50 M dipotassium hydrogen phosphate/hydrochloric acid (pH 8.0).

Solution A: 0.543 mg of DVS-activated dextran/ml
(SH-AP:dextran ~ 12:1);

Solution B: 0.272 mg of DVS-activated dextran/ml
(SH-AP:dextran = 25:1);

Solution C:  0.136 mg of DVS-activated dextran/ml
(SH-AP:dextran = 50:1). '

The clear solutions were incubated at 24°C for 22 hours with gentle
shaking.

The content of coupled thiolated AP was determined by gel filtration
on Sephacryl™ S-300 HR, and the results were as follows:

Solution . coupling yield (X) moles SH-AP/mole dextran
A 89 11.1
B n 17.7
c 42 21.0




WO 93/01498 PCT/DK92/00206

10

15

20

25

101

EXAMPLE 52

Coupling of thiolated AP to DVS-activated dextran. The influence of
the molar ratio between thiolated AP and activated dextran. Low

ratios

Thiolated AP (SH-AP) was coupled to DVS-activated dextran of peak MW
500,000 with 1500 imoles of vinyl groups per gram of dextran ("batch
Dex-II"). The thiolated AP was produced as described in Example 45
and contained a mean of 1.6 moles of SH groups/mole of alkaline phos-
phatase.

The coupling procedure was as follows: Three different solutions
(A-C) for coupling of SH-alkaline phosphatase to DVS-activated dex-
tran vere prepared to give the following final concentrations:

All solutions contained:

1.8 mg of SH-AP/ml;
0.50 M dipotassium hydrogen phosphate/hydrochloric acid (pH 8.0).

Solution A: 1.07 ng of DVS-activated dextran/ml
(SH-AP:dextran = 6:1);

Solution B: 0.536 mg of DVS-activated dextran/ml
(SH-AP:dext:an - 12:1);

Solution C: 0.357 mg of DVS-activated dextran/ml
(SH-AP:dextran = 18:1).

The clear solutions were incubated at 24°C for 22 hours with gentle

shaking.

The content of coupled thiolated AP was determined by gel filtration
on Sephacryl™ S-300 HR, and the results were as follows:

-
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Solution coupling yield (X) moles SH-AP/mole dextran
A 91 . 5.4
90 10.8
75 13,5

EXAMPLE 53
Coupling of thiolated AP to antibody-dextran. The influence of PH

Thiolated AP (SH-AP) was coupled to antibody-dextran [produced as
described in Example 25, sample B, and containing 10 moles of anti-
body (goat anti mouse) per mole of dextran]. The thiolated AP was
produced as described in Example 45 and contained a mean of 1.4 moles
of SH groups/mole of alkaline phosphatase.

The coupling procedure was as follows: Two different solutions for
coupling of thiolated AP to antibody-dextran were prepared to give
the following final concentrations:

Both solutions contained:
0.94 mg of thiolated AP/ml;
0.134 mg of dextran/ml;

0.50 M dipotassium hydrogen phosphate/hydrochloric acid.

The pH values of the dipotassium hydrogen phosphate buffers were:

Solution A: pH 7.0
Solution B: pH 8.0.

The clear solutions were incubated at 24°C for 22 hours with gentle
shaking.
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The content of ¢ upled thiolated AP was determined by gel filtration

- on Sephacryl™ S-300 HR, and the results were as follows:

Solution coupling yield (%) moles SH-AP/mole dextran
A <1 0.2

B 20 5.0

EXAMPLE 54

Coupling of thiolated antibody to alkaline phosphatase-dextran

Goat anti mouse Ig (GAM) (DARO A/S, Denmark, cat. No. Z420) was
thiolated with N-succinimidyl-3-(2-pyr1djld1th:lo)propionate (SPDP)
(Pharmacia, cat. No. 17-0458—-01)» and then coupled to two different
alkaline phosphatase-dextran (AP-dextran) preparations. The first
AP-dextran was prepared as described in Example 52, solution B, and
contained 11 moles of alkaline phosphatase per mole of dextran: the
second was prepared as described in Example 51, solution B, and
contained 18 moles of alkaline phosphatase per mole of dextran. The
thiolated antibody was prepared according to the general procedure
for thiolation of proteins first described by Carlsson et al.,
Biochem. J. (1978) 173 723-737, and contained a mean of 4 moles of
SH‘ growps/molé of goat anti mouse antibody.

The procedure for coupling the thiolated goat anti mouse Ig (SH-GAM)
was as follows: Four solutions for coupling of SH-GAM to AP-dextran
were prepared to give the following final concentrations:

All solutions contained:

2.0 mg SH-GAM/ml;
0.50 M dip tassium hydr gen phosphate/hydr chl ric acid (pH 8.0),
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A and B: 10 mol s of alkaline ph sphatase/m le of dextran;
€ and D: 18 moles of alkaline phosphatase/mole of dextran;

: AP-dextran corresponding to 0.516 mg dextran/ml;
AP-dextran corresponding to 0.258 mg dextran/ml;
AP-dextran corresponding to 0.516 mg dextran/ml;
AP-dextran corresponding to 0.258 mg dextran/ml.

U o w p»

The clear solutions were incubated at 24 °C for 22 hours with gentle
s_haking.

The degree of coupling of SH-GAM was determined by gel filtration on
Sephacryl™ 5-300HR, and the results were as follows:

Solution coupling yield (%) moles SH-GAM/mole dextran
A 78 . 9.8

B 49 12.2

c X -

D - ) -

*precip:ltation of a gel occurred in the reaction vessels for samples

C and D.

EXAMPLE 55

Coupling of monoclonal murine antibody to horseradish peroxidase--
dextran

Protein A purified mouse anti human kappa light chains (DAKO A/S,
Dermark, cat. No. M 827) was coupled to HRP-dextran. The HRP-dextran
was prepared as described in Example 12 (48 hours of incubation,
4°C). The HRP-dextran .contained 16 moles £ hors radish peroxidas

" per mole of dextranm.
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The c upling procedure was as follows: Three different s lutions
(A-C) £ r coupling mouse anti human kappa light chains to HRP-dextran
were prepared to give the following final concentrations:

All samples contained:

HRP-dextran corresponding to 0.30 ng of dextran/ml;

2.74 mg of mouse anti human kappa light chains/ml;

0.7 M dipotassium hydrogen phosphate titrated with either hydrochlo-
ric acid or sodium hydroxide to:

A: pH 8.4
B: pH 9.2
C: pH 10.0.

The clear solutions were incubated at 24°C without stirring for:

A: 24 hours,
B and C: 6 hours.

The content of coupled mouse anti human kappa light chains was deter-
mined by gel filtration on Sephacryl™ $-300 HR, and the results were

as follows:

Sample coupling yield (X) moles mouse anti human kappa
light chains/mole dextran

A 3.2 0.95
1.6 0.47

c 5.6 1.66
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EXAMPLE- 56

Complexes between murine monoclonal antibodies and dextran coupled
with peroxidase and rabbit anti mouse Ig. The influence of different

concentrations of monoclonal antibody

Mouse anti human kappa light chains (DAKO A/S, Demnmark, cat. No.
M 827) were complexed with dextran coupled with horseradish perox-
idase and rabbit anti mouse Ig (HRP-dextran/RAM). The latter were
Prepared as described in Example 36C, solution B.

Complex formation:

Seven different samples (A-G) for complex formation between mouse
anti human kappa light chains and HRP-dextran/RAM vere prepared to
give the following final concentrations:

The samples contained:

HRP-dextran/RAM conjugate corresponding to 0.020 mg of dextran/ml and
0.042 mg of RAM/ml '

and

A: 0.003 mg of mouse anti human kappa light chains/ml;
B: 0.006 mg of mouse anti human kappa light chains/ml;
C: 0.012 mg of mouse anti human kappa light chains/ml;
D: 0.030 mg of mouse anti human kappa light chains/ml:

- E: 0.061 mg of mouse anti human kappa light chains/ml;

F: 0.121 mg of mouse anti human kappa light chains/ml;
G: 0.242 mg of mouse anti human kappa light chains/ml.

Complex formation was allowed to proceed at room temperature for 2
hours, and the samples were then tested in ELISA.
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ELISA:

The ELISA was performed as a two-layer technique according to "Gen-
eral ELISA procedure”.

First layer formed using: 5 ug/ml, 1 wg/ml, 0.2 pg/nl and 0.04 ug/ml,
respectively, of human serum proteins in 0.01 M sodium phosphate,
0.145 M NaCl, pH 7.2;

Second layer: dilutions of the complexes (A-G) corresponding to 12 ng
of dextran/ml (diluted in 0.01 M sodium phosphate, 0.145 M NaCl, 0.1
% Tween™ 20, pH 7.2.

ortho-phenylenediamine/hydrogen peroxide was used as colour-develop-
ment HRP substrate, with a reaction time of 10 minutes. :

Results:

The resuit:s of the ELISA analysis are shown in Fig. 6, which shows
the absorbance at 492 nm obtained for each of the four concentrations
of human serum proteins used for the first layer in the ELISA as a
function of the ratio of mouse anti human kappa light chains to HRP-
dextran/RAM conjugate used in the complex formation (expressed as ng
of mouse anti human kappa light chains per mg of dextran in the

ksl

conjugate) .

As can be seen, the absorbance levels off aﬁ a ratio of about 4 mg of
mouse anti human kappa light chains/mg of dextran.

EXAMPLE 57

Complexes formed between biotinylated rabbit polyclonal antibodies
and high molecular weight dextran coupled with horseradish peroxidase
and streptavidin

Purified rabbit anti human kappa light chains (DAKO A/S, D mmark,
cat. No. A192) were biotinylated with N-biotinyl-e-émino-caproic acid
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N-hydroxysuccinimid ester (Sigma, cat. No. B 2643) acc rding to
Kendall et 2l1., Journal of Immmological Methods (1983) 56 329-339.
0.04 pmoles of biotin were used per mg of protein.

The biotinylated rabbit anti human kappa light chains were then
complexed with the high molecular weight dextran coupled with horse-
radish peroxidase and streptavidin (HRP-dextran/streptavidin). The
HRP-dextran/streptavidin was prepared as described in Example 39,

Complex formation:

Three different samples (A-C) for complex formation between biotinyl-
ated rabbit anti human kappa light chains and HRP-dextran/strept-
avidin were prepared to give the following final concentrations:

All samples contained:

HRP-dextran/streptavidin conjugate corresponding to 0.2 mg of
dextran/ml and 0.12 mg of streptavidin/ml.

A: 0.156 mg of biotinylated rabbit anti human kappa light chains/ml;
B: 0.309 mg of biotinylated rabbit anti human kappa light chains/ml;
C: 0.465 mg of biotinylated rabbit anti human kappa light chains/ml.

Complex formation was allowed to proceed at room temperature for 2
hours, and the samples were then tested in an ELISA and in an immumo-
histochemical procedure.

ELISA:

The ELISA was performed as a two-layer technique according to the
following procedure:

First layer formed using: 5 ug of human serum proteins/ml, diluted in
0.01 ¥ s dium phosphate, 0.145 M NaCl, pH 7.2;
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Second layer: six serial diluti ns of each of the ¢ mplex samples (A-
C) c ntaining between 2 ug of dextran/ml and 0.0625 psg of dextran/ml
(diluted in 0.01 M sodium phosphate, 0.145 M NaCl, 0.1 ¥ Tween™ 20,
pH 7.2.

ort.bo-phenylenedianine/hydrogen peroxide was used as colour-develop-
ment HRP substrate, with a reaction time of 2 minutes.

Result;s :

The results of the ELISA analysis are shown in Fig. 7, which shows
the absorbance at 492 nm obtained for each of the three samples (A-Cj
as a function of the dilution of each complexed conjugate.

As can be seen, for a given concentration of complexed conjugate the
absorbance attained a maximm value when the complex had been formed-
using a concentration of about 0.309-0.465 mg of biotinylated rabbit
anti human kappa light chains/ml. £

Imunohistochemistry:

The immunohistochemical analysis was performed according to "Hand- -
book, Immunochemical Staining Methods", Sally J. ‘Na.aish. DAKO Corp-
oration, 1989.

The complexes in samples A-C were tested on t:on.sﬁt:l.ssue sections,
each sample being diluted to concentrations in the range correspond-
ing to 0.1-0.0125 mg of dextran/ml.

Diaminobenzidine tetrahydrochloride (DAB)/hydrogen percxide was used
as colour-development HRP substrate,

As control method, a three-step LSAB method (described in “"Handbook,
Immunochemical staining methods”, DAKO Corporation, 1989) was employ-

ed.

The f llowing results wer obtained:
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Sampl " scor
| +
+H(+)
+H(+)
LSAB +++
Results:

The results of the immunchistochemical analysis show that at the
concentration level employed, the three-step LSAB method is only
slightly better than the one-step method based on the present com-
Plexes formed between HRP-dextran/-streptavidin conjugate and biotin-
ylated rabbit anti human kappa light chains. It is thus possible,
using a compiexed conjugate according to the present invention, to
simplify such an immunohistochemical analysis considerably and yet
still achieve very satisfactory staining. A

EXAMPLE 58

Complexes formed between murine monoclonal antibodies and dextran
coupled with horseradish peroxidase and rabbit anti mouse IgG. The

influence of concentration

Mouse anti human kappa light chains (DARO A/S, Denmark, cat. No.
M 827) was complexed with dextran coupled with horseradish peroxidase
and rebbit anti mouse IgG (HRP-dextran/RAM). The HRP-dextran/RAM
preparation was prepared as described in Example 36C, solution B.

Complex formation:

Five differ nt samples (A-E) were prepared by mixing a constant
amount of HRP-dextran/RAM with a constant amount of mouse anti human
kappa light chains in different final volumes. Samples with the fol-
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lowing final concentrations £ mouse anti human kappa light chains
wer prepared:

: 0.280 mg/ml;
0.140 mg/ml;
0.093 mg/ml;
0.070 mg/ml;
0.056 mg/ml.

NU.GW?

The clear solutions were incubated for 2 hours at room temperature
before being tested in an ELISA and immunohistochemically.

ELISA:

The ELISA was performed as a two-layer technique according to the

following procedure:

First layer formed using: 5 ug of human serum proteins/ml, diluted
in 0.01 M sodium phosphate, 0.145 M NaCl, 0.1 I Tween™ 20, pH 7.2;
Second layer: five serial dilutions of each of the complex samples
(A-E) containing bef:ween 0.01 and 0.00013 ug of mouse anti human
kappa light chains/ml (diluted in 0.01 M sodium phosphate, 0.145 M
NaCl, 0.1 % Tween™ 20, pH 7.2).

‘ortho-phenylenediamine/hydrogen peroxide was used as colour-develop-

nent HRP substrate, with a reaction time of 10 minutes.

Results:

The results of the ELISA analysis are shown in Fig. 8, which shows
the absorbance at 492 nm obtained for each of the five samples (A-E)
as a function of the concentration of the mouse anti human kappa
light chains in each complexed conjugate sample.

As can be s en, the absorbanc value for each of the samples (A-E) at
a given concentrati n of mouse anti human kappa light chains shows
only a relatively small variation; this indicates that at th ¢ n-
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centrati ns employed, the v lum in which the complexes are formed is
of only minor influence.

Immunohistochemistry:

The immunchistochemical analysis was performed according to "Hand-
book, Immunochemical Staining Methods", Sally J. Na.ish,'DAKO Corp-
oration, 1989.

The samples were tested on tomsil tissue sections, each sample being
diluted to concentrations in the range corresponding to 0,028-0.0035
mg of mouse anti humsn kappa light chains/ml.

Diaminobenzidine tetrahydrochloride (DAB) /hydrogen peroxide was used
as colour-development HRP substrate.

For control purposes, a conventional conjugate, i.e. horseradish
Peroxidase-labelled rabbit anti human kappa light chains (DAKO /S,
Demmark, cat. No. P129), was employed, diluted in accordance with the
manufacturers recommendations, and the LSAB method ( "Handbook, Im-
mumnochenical Staining Methods®", DAKO Corporation, 1989) was also

used.

The following results were obtained:

Sample score
A S aas

B -

C +H++

D -

E H(+)
conventional conjugate +H(+)
LSaB H(+)
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Results:

The results of the immunohistochemical analysis show that the one-
step method based on the present complexes formed between HRP-
dextran/RAM conjugate and mouse anti human ‘kappa light chains is

5 slightly better than the three-step LSAB method and significantly
better than the one-step method based on the conventional conjugate.
This again illustrates the advantages associated with the use of a
complexed conjugate according to the present invention with regard to
the simplicity of the analysis set-up and the staining intensity

10  obtainable.
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CLAIMS --

1. A water-soluble reagent comprising a water-soluble polymeric
carrier molecule having covalently attached thereto one or more
moieties derived from divinyl sulfone, each of which moieties is
attached via a covalent linkage formed between onme of the two vinyl
groups of a divinyl sulfone molecule and a reactive fﬁnctionalit:y on
the polymeric carrier molecule, at least ome such said moiety in its
attached state having the remaining vinyl group free and capable of
reaction with a molecular species having a functional group which is
reactive towards said free vinyl group.

2. A reagent according to claim 1, said Polymeric carrier molecule
being selected from the group consisting of natural and synthetic
polysaccharides, homopoly(amino acid)s, natural and synthetic poly-
peptides and proteins, and synthetic polymers having mucleophilic
functional groups, including polyvinyl alcohols, polyallyl alecohol
and polyet:hyiene glycols and substituted polyacrylates.

3. A reagent according to claim 1, said polymeric carrier molecule
being selected from. the group consisting of dextrans, including
carboxymethyl-dextrans, starches, hydroxyethyl-starches, hydroxy-
propyl-starches, glycogen, agarose derivatives and cellulose deriv-

. atives, including hydroxyethyl- and hydroxypropyl-celluloses, and

natural gums.

4. A reagent according to claim 1, said polymefic carrier molecule in
its free state being substantially linear and substantially uncharged
at a pH in the range of about 4 to about 10.

5. A reagent according to claim 1, said polymeric carrier having a
peak molecular weight in the range of about 1,000 to about
40,000,000.

6. A reagent according to claim 1, the peak molecular weight of said
polymeric carrier b ing in the range of about 1,000 to ab ut 20,000,
said r agent having a content of free, reactive vinyl groups in the
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range of about { to ab ut 5,000 pmoles f£ vinyl groups per gram f
P lymeric carrier.

7. A reagent according to claim 1, the peak molecular weight of said
polymeric carrier being in the range of about 20,000 to about 80,000,
said reagent having a comntent of free, reactive vinyl groups in the
range of about 1 to about 5,000 umoles of vinyl groups per gram of
polymeric carrier. ‘

8. A reagent according to claim 1, the peak molecular weight of said
polymeric carrier being in the range of about 80,000 to about
500,000, said reagent having a content of free, reactive 'v:lnyl groups
in the range of about 1 to about 5,000 Hmoles of vinyl groups per
gram of polymeric carrier.

9. A reagent according to claim 1, the peak molecular weight of said
polymeric carrier being about 500,000, said reagent having a content
of free, reactive vinyl groups in the range of about 1 to about 5,000
umoles of vinyl groups per gram of polymeric carrier.

H

10. A reagent according to claim 1, the peak molecular weight of said -

polymeric carrier being in the range of about 500, 000 to about
5,000,000, said reagent having a content of free, reactive vinyl
groups in the range of about 1 to about 5,000 smoles of vinyl groups
per gram of polymeric carrier.

11. A reagent according to claim 1, the peak molecular weight of said
polymeric carrier being about 2,000,000, said reagent having a con-
tent of free, reactive vinyl groups in the ringe of about 1 to about
5,000 ymoles of vinyl groups per gram of polymeric carrier.

12. A reagent according to claim 1, the peak molecular weight of said
polymeric carrier being in the range of about 5,000,000 to about
40,000,000, said reagent having a content of free, reactive vinyl
groups in the range £ about 1 to about 5,000 umoles f£ vinyl groups
per gram of polymeric carrier.

]

Wi e

=
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13. A reagent according to claim 1, said polymeric carrier being a
dextran.

14. A reagent according to claim 1, said molecular species being
selected from the group consisting of: proteins, including ferritin,
phycoerythrins, phycocyanins and phycobilins; enzymes, including
horseradish peroxidase, alkaline phosphatase, glucose oxidases,
galactosidases and ureases; toxins; drugs; dyes; fluorescent, lumin- -
escent, phosphorescent and other light-emitting substances; metal-
chelating substances, including iminodiacetic acid, ethylenediamine-
tetraacetic acid (EDTA), diethylenetriaminepentaacetic acid (DTPA)
and desferrioxamine B; substances labelled with a radiocactive iso-
tope; and substances labelled with a heavy atom. |

15. A reagent according to claim 1, said molecular species being a
substance labelled with a radiocactive isotope of an element selected
form the group consisting of hydrogen, ca.:boti, phosphorus, sulfur,
iodine, bismth, yttrium, technetium, palladium and samarium.

16. A reagent according to claim 1, said molecular species being a
substance labelled with a heavy atom of an element selected from the
group consisting of: Mn, Fe, Co, Ni, Cu, Zn, Ga, In, Ag, Au, Hg, I,
Bi, ¥, La, Ce, Eu and Gd.

17. A reagent according to claim 1, said molecular species being a
targetting species capable of selective binding to, or selective
reaction with, a complementary molecule or a complementary structural
region of a material of biological origin.

18. A reagent according to claim 17, said targetting species being
selected from the group consisting of: antigens; haptens: monoclonal
and polyclonal antibodies; gene probes; natural and synthetic oligo-
and polynucleotides; natural and synthetic momo-, oligo- and polysac-
charides; lectins; avidin and streptavidin; biotin; growth factors;
hormones; recept r molecules; pr t in A and protein G.

19. A water-soluble conjugate comprising a watér-soluble polymerié
carrier molecule to which ne or more m le ular species are covalent-
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ly attached, each via a linking group derived from divinyl sulfone,
the attachment of each said linking group t said polymeric carrier
molecule being via a covalent linkage formed between one of the two
vinyl groups of a divinyl sulfone molecule and a reactive functiona-
lity on said carrier molecule, and the attachment of a molecular
species to said linking group being via a covalent linkage formed
between the other vinyl group originating from said divinyl sulfone
molecule and a functional group on said molecular species.

20. A conjugate according to claim 19, said polymeric carrier mole-
cule further having covalently attached thereto one or more moieties
derived from divinyl sulfone, each of which moieties is attached via
a covalent linkage formed between one of the two vinyl groups of a
divinyl sulfone molecule and a reactive functionality on the polyme-
ric carrier molecule, at least one such said moiety in its attached
state having the remaining vinyl group free and capable of reaction
with a further molecular species having a functional group which is
reactive towards said free vinyl group.

21. A conjugate according to claim 19 or 20, said polymeric carrier
molecule being sele-cted from the group consisting of natural amnd
synthetic polysaccharides, homopoly(amino acid)s, natural and synth-
etic polypeptides and proteins, and synthetic polymers having nucleo-
philic functional groups, including polyvinyl alcohols, .polyallyl
alcohol and polyethylene glycols and substituted polyacrylates.

22. A conjugate according to claim 19 or 20, said polymeric carrier
molecule being selected from the group consisting of dextrans, incl-
uding carboxymethyl-dextrans, starches, hydroxyethyl-starches, hydr-
oxypropyl-starches, glycogen, agarose derivatives and cellulose
derivatives, including hydroxyethyl- and hydroxypropyl-celluloses,
and natural gums.

23. A conjugate according to claim 19 or 20, said polymeric carrier
molecule in its fr e state being substantially linear and subst-
antially uncharged at a pH in the range f about 4 t about 10,
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24, A ¢ njugate according to claim 19 or 20, the molecular w ight of
said attached molecular species being about 2,000 or bel w.

25. A conjugate according to claim 19 or 20, the molecular weight of
saild attached molecular species being about 2,000 or above,

26. A conjugate according to claim 19 or 20, said polymeric carrier
molecule having from 1 to about 10,000 molecular species of molecular
weight about 2,000 or below covaléntly attached thereto.

27. A conjugate according to claim 19 or 20, said polymeric carrier
molecule having from 1 to about 1,000 molecular species of molecular
weight about 2,000 or abeve covalently at:tached thereto.

28. A conjugate according to claim 19 or 20, said polymeric carrier
molecule having from 2 to about 50 molecular species of molecular
weight about 2,000 or above covalently attached thereto.

29. A conjugate according to claim 19 or 20, said polymeric carrier
molecule having from about 10 to about 50 molecular species of mole-
cular weight about 2,000 or above covalently attached thereto.

30. A conjugate according to claim 19 or 20, said polymeric carrier
having a peak molecular weight in the range of about 1,000 to about

40,000,000.

31. A conjugate according to claim 19 or 20, the peak molecular
weight of said polymeric carrier being in the range of about 1,000 to
about 20,000, said conjugate having a sum total content of from about
1 to about 5,000 umoles of covalently attached molecular species and,
vhere relevant, free vinyl groups per gram of polymeric carrier.

.

32. A conjugate according to claim 19 or 20, the peak molecular
weight of said polymeric carrier being in the range of about 20,000
to ab ut 80,000, said ¢ njugate having a sum t tal content of from
about 1 to about 5,000 umoles of covalently attach d molecular spec-
ies and, where relevant, free vinyl gr ups per gram of polymeric
carri r. -
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33. A conjugat according to claim 19 or 20, the peak molecular
weight of said polymeric carrier being in the range of about 80,000
to about 500,000, said comjugate having a sum total content of from
about 1 to about 5,000 umoles of covalently attached molecula:r spec-
ies and, where relevant, free vinyl groups per gram of polymeric
carrier.

34, A conjugate according to claim 19 or 20, the peak molecular

weight of said polymeric carrier being about 500,000, said conjugate
having a sum total content of from about 1 to about §,000 pmoles of
covalently attached molecular species and, whers relevant, free vinyl
groups per gram of polymeric carrier.

35. A conjugate according to claim 19 or 20, the peak molecular =
veight of said polymeric carrier ‘baing in the range of about 500,000 5
to about 5,000,000, said conjugate having a sum total comtent of from °
about 1 to about 5,000 imoles of covalently attached molecular spec-

ies and, where relevant, free vinyl groups per gram of polymeric

carrier.

36_."A conjugate according to claim 19 or 20, the. peak molecular
weight of said polymeric carrier being about 2,000,000, said con-
jugate having a sum total content of from about 1 to about 5,000
smoles of covalently attached molecular species and, where relevant,
free vinyl groups per gram of polymeric carrier.

37. A conjugate according to claim 19 or 20, the peak molecular
veight of said polymeric carrier being in the range of about
5,000,000 to about 40,000,000, said conjugate having a sum total
content of from about 1 to about 5,000 ummoles of covalently attached

- molecular species and, where relevant, free vinyl groups per gram of

polymeric carrier.

38. A conjugate according t claim 20, said polymeric carrier mole-
cule having from 2 t 500 free vinyl groups capable of reacti n with
a further molecular species. '
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39. A-conjugate according t claim 19 or 20, said polymeric carrier
being a dextran.

40. A conjugate according to claim 19 or 20, said molecular species
and/or, where relevant, further molecular species being selected from
the group consisting of: proteins, including ferritin, phyco-
erythrins, phycocyanins and phycobilins; enzymes, i'ncludi.ng horse-
radish peroxidase, alkaline phosphatase, glucose oxidases, galactos-
idases and ureases; toxins; drugs; dyes; fluorescent, luminescent,
phosphorescent and other light-emitting substances; metal-chelating
substances, including iminodiacetic acid, ethylenediaminetetraacetic
acid (EDTA), diethylenetriaminepentaacetic acid (DTPA) and desfer-
rioxamine B; substances labelled with a radicactive isotope; and
substances labelled with a heavy atom.

41. A conjugate according to claim 19 or 20, said molecular species
and/or, vhere relevant, further nolecﬁar species being a substance
labelled wit:h a radiocactive isotope of an element selected from the
group consisting of hydrogen, carbon, phosphorus, sulfur, fodine,
bismuth, yttrium, technetium, palladium and samarium.

42. A conjugate according to claim 19 or 20, said molecular species
and/or, where relevant, further molecular species being a substance _

labelled with a heavy atom of an element selected from the group

consisting of: Mn, Fe, Co, Ni, Cu, Zn, Ga, In, Ag, Au, Hg, I, Bi, Y,
La, Ce, Eu and Gd. ’

43. A conjugate according to claim 19 or 20, said molecular species
and/or, vhere relevant, further molecular species being a targetting
species capable of selective binding to, or selective reaction with,
a complementary molecule or a complementary structural region of a
material of biological origin.

44, A conjugate according to claim 43, said targetting species being
selected from the group consisting £: antigens; haptens; monoclonal
and polyclonal antib dies; gene probes; natural and synthetic olig -
and polynucl otides; natural and synthetic mono-, 1ligo- and p lysac-
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charides; lectins; avidin and streptavidin: biotin; gr wth fact rs;

hormones; recep‘t‘r uw lecules; protein A and protein G.

45, A vater-soluble coxijugate comprising a water-soluble polymeric
carrier molecule to which are covalently attached two or more molecu-
lar species, at least one “of which is different from the other(s),
each molecular species being attached via a linking group derived
from divinyl sulfone, the attachment of each said liﬂking group to
said polymeric carrier molecule being via a covalent linkage formed
between one of the two vinyl groups of a divinyl sulfone molecule and
a reactive functionality on said carrier molecule, and the attachment
of a molecular species to said linking group being via a covalent
linkage formed between the other vinyl group originating from said
divinyl sulfone molecule and a functional group on said molecular

species.

46. A conjugate according to claim 45, said polymeric carrier mole- A
cule being selected from the group consisting of natural and synth- S
etic polysaccharides, homopoly(amino acid)s, natural and synthetic
polypeptides and proteins, and synthetic polymers having nucleophilic -~
functional groups, 1néluding polyvinyl alcohels, polyallyl alecohol

and polyethylene glycols and substituted polyacrylates.

47. A conjugate ;accord:lng to claim 45, said polymeric carrier mole-
cule being selected from the group éon.éisting of dextrans, including
carboxymethyl-dextrans, starches, hydroxyethyl-starches, hydroxy-
propyl-starches, glycogen, agarose derivatives and cellulose deriv-
atives, including hydroxyethyl- and hydroxypropyl-celluloses, and
natural gums. :

48. A conjugate according to claim 45, said polymeric carrier mole-
cule in its free state being substantially linear and substantially

‘uncharged at a pH in the range of about 4 to about 10.

49. A conjugate according t claim 45, said polymeric carrier mole-
cule having from { to ab ut 10,000 molecular species f molecular
weight ab ut 2,000 r bel w covalently attached th reto.
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50. A conjugate acc rding to claim 45, said polymeric carrier m le-
cule having from 1 to about 1000 m lecular sp cies of molecular
weight about 2,000 or above covalently attached thereto.

51. A conjugate according to claim 45, said polymeric carrier mole-
cule having from 2 to about 50 molecular species of molecular weight '
about 2,000 or above covalently attached thereto.

52. A conjugate according to claim 45, said polymeric carrier mole-
cule having from about 10 to about 50 molecular species of molecular
weight about 2,000 or above covalently attached thereto.

53. A conjugate according to claim 45, said polymeric carrier having
a peak molecular weight in the range of about 1,000 to about
40,000,000.

54. A conjugate according to claim 45, the peak molecular weight of
said polymeﬁc carrier being in the range of about 1,000 to about
20,000, said conjugate having a total content of from about 1 to
about 5,000 umoles of covalently attached molecular species per gram
of polymeric carrier.

55. A conjugate according to claim 45, the peak molecular weight of
said polymeric carrier being in the range of about 20,000 to about
80,000, said conjugate having a total content of from about 1 to
about 5,000 umoles of covalently attached molecular species per gram

of polymeric carrier.

56. A conjugate according to claim 45, the peak molecular weight of

'said polymeric carrier being in the range of about 80,000 to about

500,000, said conjugate having a total content of from about 1 to
about 5,000 pmoles of covalently attached molecular species per gram

of polymeric carrier.

57. A conjugate according to claim 45, the p ak molecular weight £
said p lymeric carrier being ab ut 500,000, said c njugate having a
total content of fr m about 1 t ab ut 5,000 gmoles of c valently at-

tached molecular speclies per gram £ polymeric carrier.
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58. A conjugate according t claim 45, the peak molecular weight f
said polymeric carrier being in the range of about 500,000 to about
5,000,000, said conjugate having a total content of from about 1 to
about 5,000 umoles of covalently attached molecular species per gram
of polymeric carrier.

59. A conjugate according to claim 45, the peak molecular weight of
said polymeric carrier being about 2,000,000, said conjugate having a
total content of from about 1 to about 5,000 umoles of covalently at-
tached molecular species per gram of polymeric carrier.

60. A conjugate according to claim 45, the peak molecular weight of
said polymeric carrier being in the range of about 5,000,000 to about
40,000,000, said conjugate having a total content of from about 1 to
about 5,000 umoles of covalently attached molecular species per gram
of polymeric carrier.

61. A conjugate according to claim 45, said polymeric carrier being a
dextran.

62. A conjugate according to claim 45, at least one of said molecular
species being selected from the group comsisting of: proteins, incl-
uding ferritin, phycoerythrins, phycocyanins and phycobilins; en-
zymes, including horseradish perdx:ldase. alkaline phosphatase, gluc-
ose oxidases, galactosidases and ureases: toxins; drugs; dyes; fluor-
escent, luminescent, phosphorescent and other light-emitting sub-
stances; metal-chelating substances, including iminodiacetic acid,
ethylenediaminetetraacetic acid (EDTA), di-
ethylenetriaminepentaacetic acid (DTPA) and desferrioxamine B; sub-
stances labelled with a radiocactive isotope; and substances labelled
with a heavy atom. '

63. A conjugate according to claim 45, said molecular species being
a substance labelled with a radioactive isotope f an element select-
ed f rm the group consisting £ hydr gen, carbon, ph sph rus, sulfur,
iodine, bismut;h, yttrium, technetium, palladium and samarium.
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64. A conjugate acc rding to claim 45, said molecular species being a
substance labelled with a heavy atom of an element s lected from the
group consisting of: Mn, Fe, Co, Ni, Cu, Zn, Ga, In, Ag, Au, Hg, I,
Bi, Y, La, Ce, Eu and Gd.

65. A conjugate according to claim 45, at least one of said molecular
species being a targetting species capable of selective binding to,
or selective reaction with, a complementary molecule or a complement-

ary structural region of a material of biological origin.

66. A conjugate according to claim 65, said targetting species being
selected from the group consisting of: antigens; haptens; monoclonal '
and polyclonal antibodies; _gene probes; natural and synthetic oligo-
and polynucleotides; natural and synthetic mono-, oligo- and poly-
saccharides; lectins; avidin and streptavidin; biotin; growth fact-
ors; hormones; receptor molecules; protein A and protein G.

67. A method for the preparation of a water-soluble reagent accord-
ing to claim 1, the method comprising allowing said water-soluble
polymeric carrier to react with divinyl sulfone in aqueous solution
at a pH above 5.

68. A method according to claim 67, said reaction taking place at a

- temperature in the range of 0-60°C.

69. A method according to claim 67, said reaction taking place at a
PH in the range of about 10-11.5.

70. A method according to claim 67, the concentration of said poly-
meric carrier in said aqueous solution being in the range of 0.1-20 %

w/v.

71. A method according to claim 67, the concentration of divinyl
sulfone in said aqueous solution being in the range of 0.1-15 ¥ v/v.

72. A method acc rding to claim 67, said p lymeric carrier molecule
being selected from the group c nsisting of natural and synthetic
polysaccharides, h mopoly(amino acid)s, natural and synthetic p ly-
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peptides and proteins, and synthetic polymers having nucle philic
functi nal gr ups, including polyvinyl alcohols, polyallyl alcoh 1
and polyethylene glycols and substituted polyacrylates.

73. A method according to claim 67, said polymeric carrier molecule
being selected from the group consisting of dextrans, including
carboxymethyl-dextrans, starches, hydroxyethyl-starches, hydroxy-
propyl-starches, glycogen, agarose derivatives and cellulose deriv-
atives, including hydroxyethyl- and bydroxypropyl-celluloses, and
natural gums.

74. A method according to claim 67, said polymeric carrier molecule
in its free state being substantially linear and substantially un-
charged at a pH in the range of about 4 to about 10.

75. A method according to claim 67, said polymeric carrier having a
peak molecular weight in the range of about 1,000 to about
40,000, 000,

76. A method for the preparation of a water-soluble conjugate ac-
cording to claim 19 or 20, the method comprising:

alloving said water-soluble polymeric carrier to Teact
with divinyl sulfone in aqueous solution at a pPH above
S, so as to form an aqueous solution containing a
watexr-soluble intermediate reagent 'eomprising mole-
cules .of said water-soluble polymeric carrier having
covalently attached thereto one or more reactive
moieties derived from divinyl sulfone, |

optionally subjecting said water-soluble intermediate
reagent to a purification step, and

allowing said optionally purified water-soluble inter-
mgdiate reagent t react, via said reactive moieties,
with a m 1 cular species in aqueous solu_t:i n at a pH

above 5.
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77. A method according t claim 76, said reaction with divinyl sulf-

.one taking place at a temperature in the range of 0-60°C.

78. A method according to claim 76, said reaction with divinyl sulf-
one taking place at a pH in the range of about 10-11.S5. -

79. A method according to claim 76, the concentration of said poly-
meric carrier in said aqueous solution being in the range of 0.1-20 %

w/v.

80. A method according to claim 76, the concentration of divinyl
sulfone in said aqueous solution being in the range of 0.1-15 % v/v.

81. A method according to claim 76, said reaction with said molecular
species taking place at a temperature in the range of 0-60°C.

82. ‘A method according to claim 76, said reaction with said molecular
species taking place at a pH in the range of about 8-12.

83. A method according to claim 76, the concentration of said mole-
cular species in said aqueous solution being in the range of 0.1-20 %

v/v.

84. A method according to claim 76, said polymeric carrier molecule
being selected from the group consisting of natural and synthetic
polysaccharides, homopoly(amino acid)s, natural and synthetic poly-
peptides and proteins, and synthetic polymers having nucleophilic
functional groups, including polyvinyl alcohols, polyallyl alcohol
and polyethylene glycols and substituted polyacrylates.

85. A method according to claim 76, said polymeric carrier molecule
being selected from the group consisting of dextrans, including
carboxymethyl-dextrans, starches, hydroxyethyl-starches, hydroxy-
propyl—statches, 8lycogen, agarose derivatives and cellulose deriv-
atives, including hydroxyethyl- and hydr xypr pyl-cellul ses, and
natural gums.
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86. A method according to claim 76, said p lymeric carrier molecule
in its free state being substantially linear and substantially un-
charged at a pH in the range of about 4 to about 10,

87. A method according to claim 76, said polymeric carrier having a
peak molecular weight in the range of about 1,000 to about
40,000,000, )

88. A method according to claim 76, said molecular species being
selected from the group consisting of: proteins, including ferritin,
phycoerythrins, phycocyanins and phycobiliﬁs; enzymes, including
horseradish peroxidase, alkaline phosphatase, glucose oxidases,
galactosidases and ureases; toxins; drugs; dyes; fluorescent, lumin-
escent, phosphorescent and other light-emitting substances; metal-
chelating substances, including iminodiacetic acid, ethylenediamine-
tetraacetic acid (EDTA), diethylenetriaminepentaacetic acid (DTPA)
and desferrioxamine B; substances labelled with a radioactive iso-
tope; and substances labelled with a heavy atom.

89. A method according to claim 76, said molecular species being a
substance labelled with a radioactive isotope of an element selected
form the group consisting of hydrogen, carbonm, phosphorus, sulfur,
lodine, bismuth, yttrium, technetium, palladium and samarium.

90. A method according to claim 76, said molecular species being a
substance labelled with a heavy atom of an element selected from the
group consisting of: Mn, Fe, Co, Ni, Cu, 2n, Ga, In, Ag, Au, Hg, I,
Bi, Y, La, Ce, Eu and Gd.

91. A method according to claim 76, said molecular species being a
targetting species capable of selective binding to, or selective
reaction with, a complementary molecule or = complementary structural
region of a material of biological origin. '

92. A m thod according to claim 91, said targetting species being

selected from the gr up consisting of: antig ns; haptens; monocl nal
and polyclonal antib di s; gene probes; natural and synthetic olig -
and polynucleotid s; natural and synthetic mono-, oligo- and p lysac-
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charides; lectins; avidin and str ptavidin; bi tin; gr wth factors;
hormones; receptor molecul s; Pr tein A and pr tein G.

93. A method according to claim 76, wherein said aqueous solution in
which said molecular species reacts with said optionally purified
water-soluble intermediate reagent contains a lyotropic salt.

94. A method according to claim 93, said lyotropic salt being select-

ed from the group consisting of: sulfates, phosphates, citrates and
tartrates of lithium, sodium, potassium and ammonium,

95. A method according to claim 93, said lyotropic salt being present
in a concentration corresponding to an ionic strength of at least
0.3.

96. A method according to claim 93, said molecular species being
selected froq: the group consisting of proteins and polypeptides.

97. A method for the preparation of a water-soluble conjugate ac-
cording to claim 19 or 20, the method comprising allowing a water-
soluble reagent according to claim 1 to react with a molecular spec-
ies in aqueous solution at a pH above 5.

98. A method according to claim 97, said reaction with said molecular
species taking place at a temperature in the range of 0-60°C.

99. A method according to claim 97, said reaction with said molecular
species taking place at a pH in the range of about §-12.

100. A method according to claim 97, the concentration of said mole-

. cular species in said aqueous solution being in the range of 0.1-20 %

v/v.

101. A méthod according to claim 97, said molecular species being

.selected fr m the group consisting of: prot ins, including ferritin,

phyc erythrins, phycocyanins and phyc bilins; enzymes, including
h rseradish peroxidase, alkaline phosphatase, glucose oxidases,
galactosidases and ureases; toxins; drugs; dyes; fluorescent, lumin-
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scent, ph sph rescent and other light-emitting substances; metai-
chelating substances, including iminodiacetic acid, ethylenediamin -
tetraacetic acid (EDTA), dieﬁhylenetriaminepentaacetic acid (DTPA)
and desferrioxamine B; substances labelled with a radioactive iso-
tope; and substances labelled with a heavy atom.

102. A method according to claim 97, said molecular species being a
substance labelled with a radioactive isotope of an element selected
form the group consisting of hydrogen, carbon, phosphorus, sulfur,
iodine, bismuth, yttrium, technetium, palladium and samarium.

103. A method according to claim 97, said molecular species being a
substance labelled with a heavy atom of an element selected from the
group consisting of: Mn, Fe, Co, Ni, Cu, 2Zn, Ga, In, Ag, Au, Hg, I,
Bi, Y, La, Ce, Eu and Gd.

104. A method according to claim 97, said molecular species being a:,
targetting species capable of selective binding to, or selective
reaction with, a complementary molecule or a complementary structural
region of a material of biological origin.

105. A method according to claim 104, said targetting species being -
selected from the group consisting of: antigens; haptens; monoclonal
and polyclonal antibodies; gene probed; natural and synthetic oligo-
and polynucleotides; natural and synthetic mono-, oligo- and polysac-
charides; lectins;: avidin and streptavidin; biotin; growth factors;
hormones; receptor molecules; protein A and protein G.

106. A method according to claim 97, wherein said aqueous solution in

vhich said molecular species and said water-soluble Treagent react
contains a lyotropic salt.

107. A method according to claim 106, said lyotropic salt being
selected from the group consisting of: sulfates, phosphates, citrates
and tartrates f lithium, sodium, potassium and ammonium.

E
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108. A method acc rding to claim 106, said ly tropic salt being
present in a concentrati n corresponding to an ionic strength f at

least 0.3.

109. A method according to claim 106, said molecular species being

selected from the group consisting of proteins and polypeptides.

110. A method for the preparation of a water-soluble conjugate ac-
cording to claim 45, the method comprising:

1) a].iowing said water-soluble polymeric carrier to
react with divinyl sulfone in aqueous solution at a pH
above 5, so as to form an aqueous solution containing
a vater-soluble intermediate reagent comprising mole-
cules of said water-soluble polymeric carrier having
covalently attached thereto two or more reactive
moieties derived from divinyl sulfone,

(ii) optionally subjecting said water-soluble inter-
mediate reagent to a purification step,

(1i1) allowing said optionally purified water-soluble
intermediate reagent to react, via said reactive
moieties, with a molecular épecies in aqueous solution
at a pH above 5 so as to form a water-soluble inter-
mediate conjugate, the conditions being such that not
all of said reactive moieties react with a molecular

species,

(iv) optionally subjecting said water-soluble inter-
mediate conjugate to a purification step, and

(v) allowing said optionally purified water-soluble
intermediate conjugate to react, via previously un-
reacted reactive moieties, with a further molecular
species in aque us s luti n at a pH above 5, said
further m 1 cular species being different from that
already attached in said intermediate conjugate.
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111. A method acc rding t claim 110, said reacti n with divinyl
sulfone in step (i) taking place at a temperature in the range of
0-60°C.

112. A method according to claim 110, said reaction with divinyl
sulfone in step (i) taking place at a pH in the range of about
10-11.5.

113. A method according to claim 110, the concentration of said
polymeric carrier in said aqueous solution in step (i) being in the
range of 0.1-20 X w/v.

114. A method according to claim 110, the concentration of divinyl
sulfone i{n said aqueous solution in step (i) being in the range of
0.1-15 X v/v.

115. A method according to claim 110, said reaction with said mole-
cular species in step (iii) taking place at a temperature in the
range of 0-60°C.

116. A method according to claim 110, said reaction with said mole-
cular species in step (iii) taking place at a pH in the range of
about 8-12.

117. A method aécording to claim 110, the concentration of said
molecular species in said aqueous solution in step (1i1) being in the
range of 0.1-20 X w/v.

118. A method according to claim 110, said reaction wvith said further
molecular species in step (v) taking place at & temperature in the
range of 0-60°C.

119. A method according to claim 110, said reaction with said further
molecular species in step (v) taking place at a pH in th range f
ab ut 8-12. '
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120. A'method according to claim 110, th c ncentration of said
further m lecular sp el s in said aqueous soluti n in si:ep (v) Being
in the range of 0.1-20 % w/v.

121. A method according to claim 110, said polymeric carrier molecule

being selected from the group consisting of natural and synthetic
polysaccharides, homopoly(amino acid)s, natural and synthetic poly- .
peptides and proteins, and synthetic polymers having nucleophilic

functional groups, including polyvinyl alcohols, polyallyl alcohol

and polyethylene glycols and substituted polyacrylates.

122. A method according to claim 110, said polymeric carrier molecule
being selected from the group consisting of dextrans, including
carboxymethyl-dextrans, starches, hydroxyethyl-starches, hydroxy-
propyl-starches, glycogen, agarose derivatives and cellulose deriv-
atives, including hydroxyethyl- and hydroxypropyl-celluloses, and
natural gums .

123. A method according to claim 110, said folyneric carrier molecule
in its free state being substantially linear and substantially un-
charged at a pH in the range of about & to about 10.

124. A method according to claim 110, said polymeric carrier having a
peak molecular weight in the range of about 1,000 to about
40,000,000.

125. A method according to claim 110, said molecular species employed
in step (iii) or said further molecular species employed in step (v)
being selected from the group consisting.of: proteins, including
ferritin, phycoerythrins, phycocyanins and phycobilins; enzymes,
including horseradish peroxidase, alkaline phosphatase, glucose
oxidases, galactosidases and ureases; toxins: drugs; dyes; fluor-
escent, luminescent, phosphorescent and other light-emitting sub-
stances; metal-chelating substances, including iminodiacetic acig,
ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic
acid (DTPA) and desferrioxamine B; substances labelled with a radio-
active isotope; and substances labelled with a heavy atom.
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126. A method according to claim 110, said molecular species empl yed
in step (iii) or said further molecular species empl yed in st p )
being a substance labelled with a radioactive isotope of an element
selected form the group consisting of hydrogen, carbon, phosphorus,
sulfur, iodine, bismuth, yttrium, technetium, palladium and samarium,

127. A method according to claim 110, said molecular species employed
in step (iii) or said further molecular species employed in step (v)
being a substance labelled with a heavy atom of an element selected
from the group consisting of: Mn, Fe, Co, Ni, Cu, Zn, Ga, In, Ag, Au

Hg, I, Bi, Y, La, Ce, Eu and Gd.

128. A method according to claim 110, said molecular species employed
in step (iii) or said further molecular species employed in’ st:ep (v)
being a targetting species capable of selective binding to, or sel-
ective reaction with, a complementary molecule or a complementary
strug:tu;al region of a nterial_ of biological origin.

e v
-%

= 128, said targetting specw being

'c. ”

1!9 A method according te; el
selected from the group consisﬁ!hg of: antigens; haptens; mounclonal
and polyclonal antibodies; gene probes; natural and synthet:ic oligo-
and polynucleotides; natural and synthetic mono- » oligo- and polysac-
charides; lectins; avidin and streptavidin; biotin; growth factors;
hormones; receptor;' molecules; pf%tein A and proteinﬁﬁw?’;“j‘

130. A method according to claim 110, wherein said aqueous solution
in vhich said molecular species reacts with said optionally purified
water-soluble intermediate reagent in step (iif) contains a lyotropic
salt. '

131. A method according to lela:ln 110, vherein said aqueous solution

in which said further molecular species reacts with said optionally

purified water-soluble intermediate conjugate in step (v) contains a
ly tropic salt.
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132..A method according to claim 130 r 131, said lyotropic salt
being selected fr m the group ¢ nsisting of: sulfates, ph sphat s,
citrates and tartrates of lithium, sodium, potassium and ammonium.

133. A method according to claim 130 or 131, said lyotropic salt
being present in a concentration corresponding to an ionic strength

of at least 0.3.

134. A method according to claim 130, said molecular species in step
(iii) being selected from the group consisting of proteins and poly-
peptides.

135. A method according to claim 131, said further molecular species
in step (v) being selected from the group consisting of Proteins and
polypeptides:

136. & method according to claim 110, further cemprising desctivation
of any remaining free vinyl groups present in the conjugate formed in
step (v), said deactivation being achieved by the additiom, to the
aqueous solution of said conjugate, of an excess of a deactivating
species of low molecular weight.

137. A method according to claim 136, said deactivating species being
selected from the group consisting of: ethanolamine, mercaptoethanol,

cysteine and glycine.

138. A method for the preparation of a water-soluble conjugate ac-

cording to claim 45, the method comprising allowing a water-soluble
conjugate according to claim 20 to react with a further molecular

species in aqueous solution at a pH above 5, said further molecular
sﬁecies being different from that already attached in said reacting

conjugate.

139. A method according to claim 138, said reaction with said further
molecular species taking place at a temperature in the range f
0-60°C. .
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140. A meth d according to claim 138, said reaction with said further
m lecular species taking place at a PH in the rang of ab ut 8-12.

141. A method according to claim 138, the concentration of said
further molecular species in said aqueous solution being in the range
5 of 0.1-20 % w/v.

142. A pethod according to claim 138, said further molecular species
being selected from the group consisting of: proteins, including
| ferritin, phycoerythrins, phycoceyanins and phycobilins; enzymes,
including horseradish peroxidase, alkaline phosphatase, glucose
10 oxidases, galactosidases and ureases; toxins; drugs; dyes; fluor-
escent, luminescent, phosphorescent and other light-emitting sub-
stances; metal-chelating substances, including iminodiacetic acid,
ethylenedim:lnete_traacetic acid (EDTA), diethylenetriaminepentaacetic
. acld (DTPA) and desferrioxamine B; substances labelled with a radio-
15 active isotope; and substances labelled with a heavy atom.

143. A method according to claim 138, said further molecular species
. being a substance labelled with a radicactive isotope of an element
selected form the -gxoup consisting of hydrogen, carbon, phosphorus,
sulfur, iodine, bismuth, yttrium, technetium, palladiun and semarium.

20 144. A method according to claim 138, said further molecular species

' being @ substance labelled with a heavy atom of an element selected
from the group consisting of: Mn, Fe, Co, Ni, Cu, 2n, Ga, In, Ag, Au,
Hg, I, Bi, Y, La, Ce, Eu and Gd.

145. A method according to claim 138, said further molecular species

25 Dbeing a targetting species capable of selective binding to, or sel-
ective reaction with, a complementary molecule or a complementary
structural region of a material of biological orig;n.

146. A method according to claim 145, said targetting sp cies being

selected fr m the gr up consisting of: antigens; haptens; monocl nal
30 and polyclonal antibodies; gene probes; natural and synthetic 1lig -

and polynucleotides; natural and synthetic momo-, lig - and polysac-
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charides; lectins; avidin and streptavidin; bi tin: growth factors;
h rmones; recept r molecules; protein A and pr tein G.

147. A method according to claim 138, wherein said aqueous solution
in which said further molecular species and said water-soluble con-

' jugate react contains a lyotropic salt.

148. A method according to claim 147, said lyotropic salt being
selected from the group consisting of: sulfates, phosphates, citrates
and tartrates of lithium, sodium, potassium and ammonium.

2

149. A nethod'according to claim 147, said lyotropic salt being
Present in a concentration corresponding to an ionic strength of at
least 0.3. ‘

150. A method according to claim 147, said further molecular species
being selected from the group consisting of proteins and poly-
peptides. -

151. A method according to claim 138, further comprising deactivation
of any remaining free vinyl groups present in the conjugate formed,
said deactivation being achieved by the addition, to the aqueous
solution of said conjugate. of an excess of a deactivating species of

low molecular weight.

152. A method according to claim 151, said deactivating species being
selected from the group consisting of: ethanolamine, mercaptoethanol,

cysteine and glycine.

153. The use of a water-soluble conjuga:e according to claim 19 or
20, or prepared by a method according to claim 76 or 97, in: immumo-
chemical assay techniques, including enzymatic immunoassays (EIA)
such as ELISA, radioimmmoassays (RIA), and nephelometric and turb-
idimetric immmoassays; immmohistochemical procedures; cytochemical
procedures; flow cytometry; in situ hybridization techniques; mem-
brane hybridization techniques, including Southern and north rn

bl tting; bi sens rs; and methods based on lectin/-carbohydrat

interactions.
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154. The us of a water-s luble conjugate according t claim 45, or
prepared by a method according to claim 110 or 138, in: immuno-
chemical assay techniques, including enzymatic immunoassays (EIA)
such as ELISA, radioimmunoassays (RIA), and nephelometric and turb-
5 idimetric immunoassays; immunohistochenical procedures; cytochemical
Procedures; flow cytometry; in situ hybridization techniques; mem-
brane hybridization techniques, including Southern and northern
blotting; biosensors; and nethods based on lectin/-carbohydrate

interactions.

an
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